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A CATHETER SYSTEM AND METHOD FOR PROVIDING 
CARDXOTOJiOHMiY BYPASS PUMP SUPPORT 
DURING HEART SOESERX 



Field of the en t ion , 
S This invention relates to a system of venous 

perfusion and arterial perfusion catheters for use in 
obtaining total cardiopulmonary bypass support and isolation 
of the heart during the performance of .heart surgery with 
provisions for proximal aortic occlusion, aortic root 
10 cardioplegia delivery, aortic root venting, and %*tt 
ventricular decompression without the necessity for a 
conventional open chest operation* 

p »&m ™& JZ£-3&& iMxmMm 

Each year cardiopulmonary bypass permits over 

IS SOD , GOG patients worldwide with disabling heart disease to 
undergo therapeutic cardiac operations. The essential goals 
of cardiopulmonary bypass for heart surgery ere to provide 
life-support functions, a motionless, decompressed heart, 
and a dry, bloodless field of view for the surgeon. 

20 In a basic heart-lung life-support system oxygen- 

poor blood is diverted from the venous circulation of the 
patient and is transported to the heart-lung machine where 
reoxygenation occurs, carbon dioxide is discarded and heat 
regulation {warming or cooling) is accomplished. This 

as processed blood is then returned (perfused) into the 
patient's arterial circulation for distribution throughout 
the entire body to nourish and maintain viability of the 
vital organs. Although current venous diversion and 
arterial perfusion methods can foe combined with other 

30 measures to effectively isolate the heart for cardiac 
surgery, they are associated with disadvantages and 
limitations which contribute significantly to patient 
morbidity, mortality, and health care costs, It is thus 
desirable to develop improved cardiopulmonary bypass devices 
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and jaethods that, are safer, less traumatic, and more cost 
effective. 

In the prior art, the method of collecting oxygen- 
depleted venous return blood from a patient for 
5 transportation to the cardiopulmonary bypass pomp (heart- 
lung machine) for re-oxygenation and temperature regulation 
consisted of three different techniques; (X) a single 
venous catheter was inserted directly into the right atrium? 
(.2) two catheters were directed via right atrial insertion 

10 selectively into the superior vena cava and inferior vena 
cava; (3) the third technique regal red the venous catheters 
to be inserted through peripheral vein access sites with the 
distal tip of the catheter <s) thereafter positioned either 
in the right atrium and/or superior vena cava/ inferior vena 

13 cava areas. 

In the techniques where catheters were inserted 
via the right atrium, the surgeon had available three 
options of catheter types. Firstly, a simple type where all 
of the orifices or openings for passage of blood into the 

20 catheter wore positioned within the atrial chamber? or 
secondly , a two-stage type wherein sosae openings were 
positioned in the atrial chamber and others were located at 
the tip of the catheter device and positioned in the 
inferior vena cava; or thirdly,, where two individual 

25 catheters were inserted at separate sites into the right 
atrial chamber or caval (inferior vena cava/ superior vena 
cava) structures and selectively directed so that all 
orifices or openings for passage of hi cod were positioned 
within the superior vena cava or the inferior vena cava 

30 respectively. Direct insertion of catheters into the right 
atrium or vena cava results in direct surgical trauma dee to 
the holes which must he cut in these structures for catheter 
entry, A circular, purse-string suture, an stria! vascular 
clamp for controlling bleeding and closing the hole, adds to 

35 the operative time and the cost of the procedure , Surgical 
wounds in the atrium, inferior vena cava, or superior vena 
cava have the potential for caus , ; ] 1 cations including f 
but not limited to, hemorrhagic bleeding, cardiac rhythm 
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disturbances, air embolism (introduction of air into the 
cardiac chambers) , and extensive surgical adhesions, 
furthermore, this approach requires a major invasive breast- 
bone splitting (sternotomy.) or rib spreading (thoracotomy) 
5 surgical procedure to reach the atrium and make the 
insertion. 

Card? > { < > port car:- he either 

partial, where only a portion of the blood returning via the 
superior vena cava {upper foody) and inferior vena cava 

10 (lower foody) into the right atrium is diverted into the pump 
(heart-lung machine); or, totals wherein all, blood 
returning via the superior vena cava and inferior vena cava 
is diverted away from the right atrium into the pump. There 
are clinical situations where it is advantageous to divert 

15 all venous return blood away from the heart, Total 
cardiopulmonary bypass contributes to cardiac decompression 
and decreases the detrimental effects of. myocardial 
distention. Furthermore, it provides the surgeon with 
superior operating visibility of structures witMh the 

20 cardiac chambers which can fee obscured if a substantial 
volume of blood is allowed to enter the heart. There are 
two methods in the prior art for achieving total 
cardiopulmonary bypass. The first required placement of 
tourniquet loops around the superior vena cava and inferior 

25 vena cava catheters, The loops are snugly tightened around 
the catheters in order to prevent blood from entering the 
atrium, in the second method, occlusion balloons mounted on 
selective superior vena cava and inferior vena cava 
catheters were inflated to prevent blood from reaching the 

30 right atrium. Both of these methods for total 
cardiopulmonary bypass capability require major surgical 
thoracotomy or sternotomy for access to the right atrium and 
cava! structures. Direct surgical dissection of the 
inferior vena cava, superior vena cava, and right atrium for 

35 c&thet* ; insertion and tourniquet loop positioning not only 
adds to the operative time but also increases the risks of 
injury to these structures which could lead to bleeding, 
cardiac rhythm disi rban es and scarring. 
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Although p si venous drainage 

catheters of the prior art avoid Street cardiac trauma and 
can foe placed without a major invasive chest incision 
( sternotomy or thoracotomy) , they are not capable of 
5 establishing the condition of total card iopulmonary bypass. 

The technique of the present invention is to 
insert the venous catheters through a peripheral vein access 
site and thereafter position the drainage orifices in the 
superior vena cava and inferior vena cava areas. The 

10 catheter (s) features inflatable occlusion balloons that 
allow the choice of either partial (balloons deflated) or 
total (balloons inflated) cardiopulmonary bypass support. 
The insertion sita(s) may be individual or a combination of 
choices of the femoral veins, iliac veins, subclavian veins, 

IS axillary veins, and internal jugular veins. The us® of this 
technique has the advantage of avoiding a major chest 
Incision as well as surgical trauma to the right atrium, 
superior vena cava and inferior vena cava. This eliminates 
costly surgical instruments, sutures, tourniquets, and 

30 operative tisse associated *&th the conventional approaches. 

In the prior art, the method of delivery of 
oxygen-rich { arterial ~ixed) temperature-regulated blood from 
the-: cardiopulmonary bypass ptmp to the arterial circulation 
of the patient consisted of two different techniques; X») a 

25 simple, single lumen catheter (cannula) was inserted 
directly into the aorta (most often the ascending aorta) . 
To mahe such an insertion, however, access to the aortic 
wall could only be achieved through a major invasive chest 
incision such as thoracotomy or sternotomy. Direct surgical 

30 trauma to the aorta occurs as a result of the hole which 
must he cut in the aorta for catheter entry* This hole is 
surgically repaired after removal of the catheter at the end 
of the operation tout leaves potential for major post- 
operative bleeding. Other catastrophic complications 

35 related to direct insertion of catheters into the aorta 
include; (a) the risk of splitting the three layers of the 
aortic wall apart (known as aortic dissection} and (to) , the 
risk of disruption of cholesterol and/or calcium deposits 
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from the innermost layer of the sortie wail at the site of 
entry which cars then be carried into the blood stream to 
occlude flow in distal arterial branches and reduce function 
in vital organs such as the brain < stroke) , kidneys (renal 
5 failure*} , logs (gangrene) , bowels (gangrene) , liver (hepatic 
failure) - 2.) The alternative prior art method for delivery 
of arterial! zed blood to the patient * s circulation employed 
a si»ple, single lumen catheter which was inserted into a 
peripheral artery, either perc-etaneouslv or by using a 

10 surgical cut-down procedure. This technique avoided a major 
chest incision. While the two arterial methods of she prior 
art complete the loop of the heart-lung machine for basic 
life-support by returning blood to the patient, neither has 
the intrinsic capability of providing ail optimal conditions 

15 | requirements) for heart surgery which will be discussed 
below* 

In order to perform complex, delicate surgical 
procedures on the heart, i.e., coronary artery bypass and 
valve operations; it is desirable, to establish a resting, 

20 non-beating (flaccid) non-distended state. This condition, 
along with a dry, bloodless field,, is ideal for safe 
manipulation and suturing of cardiac structures, and 
furthermore, contributes to decreased metabolic cardiac 
energy demands while promoting preservation of cellular 

25 functions, in the prior art this non-beating state was 
accomplished by delivery of a cardioplegia (heart 
paralysing) solution to the coronary circulation to stop the 
heart by one or a combination of two general methods t (!) 
Antegrade (cardioplegia infusion is initiated at the 

30 arterial end of the coronary circulation via the origins of 
the coronary arteries, i.e., ostia, in the aortic root and 
flows towards the capillaries within the heart, muscle; (2) 
retrograde (cardioplegia infusion is directed into the 
venous circulation via a coronary sinus and flows backwards 

35 into the capillary circulation of the heart muscle) , It is 
at the oapillary level where the cardioplegia solution 
interacts with the cardiac muscle cells, resulting in its 
desired effects < 
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All prior art antegrade eardioplagie teohnigmes 
for heart surgery required an occlusive vascular clamp to be 
applied to the ascending aorta to prevent arterial ised blood 
from tbe card -try bypass rump from reaching the 

§ coronary arteries,- proximal ascending aorta, and aortic 
valve areas while at the same time maintaining arterial 
perfusion to all points distal (downstreams) to fbe clamp. 
This isolation saneuver then allowed infusion of 
cardioplegia solution either directly into the coronary 

10 openings {ostia) via catheters, (cannulas) whose tips were 
inserted into the ostia or indirectly via a catheter 
(cannula) inserted into the isolated segment of the 
ascending aorta adjacent to the coronary ostia, surgical 
trauma to the aorta resulted from the aortic puncture wounds 

15 or Bsajor aortic incisions that had to he made to use these 
techhigues, both of which were dependent on major sternotomy 
or thoracotomy for exposure. The use of the surgical clamp 
to squeeze the opposing aortic walls together also has ma^or 
disadvantages. For instance, a major invasive surgical 

20 incision (sternotomy or thoracotomy} is required to reach 
the aorta in order to apply the clamp. By the compressing 
or squeezing action of the clamp, fragments of cholesterol 
or calcium in the aortic wall may break away and emboliae to 
the vital organs downstream. In cases of very severe 

25 calcification of the ascending aorta, it is not feasihle to 
apply an external clamp because the compressibility of the 
aorta has been lost. Surgeons must then resort to less 
optimal, more complex methods of bypass support, myocardial 
protection and heart isolation which further increases the 

30 likelihood of post-operative complications. There are 
situations where the surgeon cannot proceed with the 
operation and it is terminated (abandoned} with the patient 
losing the opportunity for definitive therapeutic treatment 
of his disabling heart disease. Retrograde prior art 

35 cardioplegia delivery methods also are dependent upon major 
invasive chest operations as well as direct trauma to the 
atrium for their use. Again, the patient is being subjected 
to increased risks of bleeding and direct cardiac trauma. 
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The present invention eliminates the to distort the 

aorta with a clasp by integrating an occlusion bailoon into 
the arterial perfusion catheter which when positioned in the 
ascending aorta and inflated appropriately will provide the 
S same function without the risks „ Antegrade cardioplegia 
del ivory in the present invention conveys blood into the 
isolated segment of the ascending aorta just below the 
aortic occlusion balloon into the coronary ostia f avoiding 
the need for aortic puncture wounds, aortic incisions, 

10 purse-strings or surgical repair * 

Prior art methods of controlling distention 
{ decompression or ventiag) and improving visibility of the 
heart during heart surgery included: (1) insertion of a 
catheter via the left atrium or a pulmonary win which was 

15 then directed across the mitral valve so that its openings 
at the tip were positioned within the left ventricular 
chamber for suction evacuation (also called venting) of 
blood; (3) inserting a catheter directly into the apex of 
the left ventricular muscle so that its openings at the tip 

20 were positioned within the left ventricular chamber for 
suction evacuation (venting) of blood? and (3) the prior art 
catheter placed in the isolated segment of the ascending 
aorta for antegrade cardioplegia delivery could 
alternatively be switched to a suction source to accomplish 

25 aortic root venting (decompression) but not left ventricular 
decompression (venting) , Ml of these methods have the 
disadvantages of requiring major sternotomy or thoracotomy 
end are associated with direct cardiac and aortic trauma. 
The present invention provides for both aortic root and left 

30 ventricular decompression integrated into the arterial 
per f us ion catheter which can be inserted remotely without, a 
major chest incision, cardiac trauma or aortic trauma. 

When surgeons are required to perform repeat open 
heart surgery (Known as »redo« operations) in someone whose 

35 chest has previously been entered via a major sternotomy or 
thoracotomy, extensive adhesions are usually encountered 
which obliterate the natural relationship and appearance of 
anatomic structures. This di ■ ion further increases the 
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risks of injury and massive fatal hemorrhage during the 
process of exposing, isolating and preparing structures for 
catheter insertions (arterial,- venous, cardioplegia, left 
ventricular vent) and therapeutic repair. The present 
S invention allows peripheral insertion, institution, and 
maintenance of cardiopulmonary bypass to take over the 
circulation prior to opening the chest or at any time 
thereafter when major hemorrhage, cardiac instability,, or 
other complications arise which lead to deterioration of the 

10 patient *s condition, 

Major invasive chest incisions are often 
associated with a higher incidence of morbidity including, 
but not limited to, intraoperative and post-operative 
bleeding, resulting in the likelihood of increased blood 

15 transfusion requirements, returns to surgery for re~ 
exploration to control .hemorrhage, longer healing and 
recovery times,, pulmonary complications (mch as lung 
collapse and pneumonia) f catastrophic wound infection 
(mediastinitis) , extensive scarring and adhesions, 

20 mechanical wound instability and disruption (dehiscence) , 
chronic incisional pain, peripheral nerve and 
musculoskeletal dysfunction syndromes. Developing a system 
with, features that avoid surgical maneuvers , instrumentation 
and devices known to be associated with increased morbidity 

25 and mortality is desirable. Such improvements have the 
likelihood of resulting in a favorable impact on patient 
care, quality of life, and health care costs , The present 
invention for cardiopulmonary bypass during heart surgery 
integrates multiple functions which were, not available in 

30 the prior art and has the advantage of .avoiding a major 
chest operation and its potential complications „ 
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There is, therefore, provided according to the 
present invention, a catheter system and method for 
achieving total cardiopulmonary bypass -daring heart surgery. 
5 The catheter system permits a venous catheter to foe inserted 
peripherally thus avoiding the need for a major chest 
incision such as a thoracotomy or median sternotomy. By 
utilising ultrasound or fluoroscopic imaging, the venous 
catheter may be precisely positioned adjacent the right 

10 atrium such that upon inflation of inflatable balloons 
carried by the catheter, the superior vena cava and inferior 
vena cava my be occluded to prevent blood flow into the 
right atrium thereby achieving the condition of total 
cardiopulmonary bypass . 

IS The arterial perfusion catheter of the catheter 

system of this invention in one embodiment may- be remotely 
inserted through a femoral artery or in another embodiment 
through the left subclavian artery. The arterial catheter 
device incorporates an inflatable balloon which is carried 

20 by a cannula member and steered into the ascending aorta 
just above the aortic valve and coronary artery orifices 
Cost ias) . The balloon is Inflated with a saline or other 
biocompatafole f luid until, it circmferentially hears against 
the aortic wall and occludes blood flow through the aorta. 

25 This eliminates distortion and trauma to the aorta which, 
would occur if a vascular clamp were to be applied to it 
externally. The arterial perfusion catheter of the catheter 
sytems of this invention xaay foe inserted at a remote 
location into an arterial vessel and thus eliminate the need 

30 for a sternotomy or major thoracotomy, Even if the aorta is 
brittle and heavily calcified or involved with cholesterol 
deposits, the arterial perfusion catheter of this invention 
may nevertheless foe used, 

The present invention is directed to a catheter 

35 system and method for achieving total cardiopulmonary bypass 
of the heart during heart surgery with provisions for 
proximal aortic occlusion, aortic root cardioplegia 
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delivery, aortic root venting, and left ventricular 
decompression. The system comprises a cardiopulmonary 
bypass pump which has an inlet port for reception of oxygen 
depleted blood from the venous circulation, and an outlet 
5 port for the delivery of oxy gen-rich blood to arterial 
circulation. The blood is delivered to the patient through 
an arterial perfusion catheter which is comprised of a first 
flexible cannula member that has an axis of elongation, a 
distal and proximate end,, and a first lumen that extends at 

10 least in part axially through the flexible cannula. 

To deliver cardioplegia solution., a first 
proximate port on the cannula communicates with the first 
lumen and the cannula contains an orifice adjacent its 
distal end which is in communication with the first lumen 

15 thereby defining a single flow path for either the passage 
of cardioplegia solution or for the evacuation of fluid from 
the aortic root. The flexible cannula also has a second 
lumen extending at least in part axially therethrough and a 
balloon inflation port that communicates with the second 

SO lumen. There is also an inlet port which is in 
communication with both the second lumen and the inflation 
port. An inflation balloon is carried fey the first cannula 
member adjacent its distal end and spaced in an axially 
proximate direction from the orifice where the balloon 

as radially and sealingly encloses the inflation port and 
©pwsanic at a s w 1 th it. 

In the delivery of oxygen-rich blood to arterial 
circulation, a second flexible cannula member is utilised 
which has a second axis of elongation and a distal and 

3 0 proximate end and an axially extending first cavity 
therethrough- A first opaning located at the distal end of 
the cannula communicates with the first cavity to permit the 
passage of blood into the aorta. Additionally, the second 
cannula has a second axially extend ing cavity therethrough 

3 5 which is adapted for receiving the first cannula in order to 
permit relative, slideafele moveiaent between the first, and 
second cannulas. At its proximate end, the second cannula 
is connected to the outlet port of the cardiopulmonary 
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bypass pimp, 

Selective flow of cardioplegia solution is 
accomplished through the use of a valve means that 
communicates with the first Iw&m to selectively permit the 
5 flow of cardioplegia solution within the single flow path 
when placed in one position and in another position the 
valve say foe used for selectively evacuating fluid from the 
aortic root through the single flow path. 

In providing for the transport of blood to the 

ID cardiopulmonary bypass pump from the patient, a venous 
catheter is utilized comprising a flexible cannula member 
which has an axis of elongation, a distal and proximal end, 
and an axially extending venous cavity therethrough? to 
provide for the inflation of the balloons to occlude the 

15 superior and inferior vena cava, the venous catheter has a 
first venous lumen extending at least in part axially 
through the catheter and a first venous inflation port which 
cowiunicates with the first venous lufttin. The flexible 
cannula rafoar further has a second venous lumen which 

20 extends at least in part axxaliy therethrough and a second 
venous inflation port which communicates with, the second 
venous lumen, A first inflatable venous balloon is carried 
by the flexible cannula member adjacent its distal end and 
this inflatable balloon is used for occluding the superior 

25 vena cava, A plurality of first venous return ports are 
spaced intermediate the distal end of the flexible cannula 
member and the first inflatable venous balloon? the 
plurality of first venous return ports communicate with the 
venous cavity to permit the flow of blood from the superior 

30 vena cava into the catheter member* The second inflatable 
venous balloon is carried by the flexible member proximately 
of the first, inflatable venous balloon for the purpose of 
occluding the inferior vena cava. The flexible member has 
a plurality of second venous return ports spaced proximately 

35 and adjacent the second inflatable venous balloon and which 
communicate with the venous cavity for receiving blood from 
the inferior vena cava. The second inflatable balloon 
radially and seaiingly encloses and communicates with tbe 
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second venous inflation port mim permits inflation of the 
second .inflatable venous balloon with a saline solution or 
other fluid. Such inflation occludes the inferior vena cava 
and thereby prevents blood flow from the inferior vena cava 
5 into the right atrium. A connecting member connects the 
flexible cannula member to the cardiopulmonary bypass pump 
so as to permit the venous cavity to be in fluid 
communication with the pump for the return of blood. 

The catheter system described above for bypassing 

10 the heart during heart surgery also incorporates a plurality 
of radially and oppositely spaced steering lumens which 
extend at least in part axially through the flexible 
cannula r a plurality of steering cables, having first ends 
which are fixed to the flexible cannula member at its distal 

15 end extend axially through the steering lumens and the 
second ends of the steering cables are connected to a 
steering device which omnidirectionally permits the distal 
end of the first flexible cannula to articulate. 

position the arterial and venous catheters, a 

20 sensor member or marker is carried at a preselected location 
to delineate and position of the inflatable balloon, 
orifices, and distal tip of the catheter. In one embodiment 
the sensors generate an electric signal which is transformed 
into locational coordinates. The locational coordinates are 

25 visually presented, to the surgeon which permits precise 
positioning of the balloons so as to permit the occlusion of 
the inferior and superior vena cava and the ascending aorta, 
Another embodiment of the arterial catheter system 
for bypass support utilises a first flexible cannula that 

30 has a third lumen which extends at least in part axially 
therethrough where the third lumen communicates with a 
decompression port located d 1st ally of the inflatable 
balloon- A plurality of second openings are located on the 
first flexible cannula adjacent the distal end. of the 

35 cannula where the plurality of openings communicate with 
both the third lumen and the decompression port thereby 
defining a flow patn for blood suctioned from the left 
ventricle. The plurality of second openings are spaced 



WO 95/32745 



13 

sufficiently axial ly and dist.al.ly from the orifice so as to 
permit the plurality of second openings to communicate *?ith 
the left ventricle on one side of the aortic valve while the 
orifice cosomsnicates with the aortic root on the cephalid 
5 side of the aortic valvcu Thus, an arterial catheter is 
presented which permits suctioning of fluid from the. aortic 
root, while at the sasse time permits suctioning of blood from 
the left ventricle, To achieve added flexibility, the first 
flexible cannula includes a region of flexion which is 
10 located adjacent to and proximately of the inflatable 
balloon. This region of flexion has less flexural rigidity 
than the fiexural rigidity of the cannula which permits 
enhanced elastic bending of the cannula within the region of 
flexion* 

15 in yet another embodiment of the catheter system 

of this invention, the venous catheter device for occluding 
the superior vena cava and inferior vena cava has a first, 
flexible cannula and a first venous lumen extending at least 
in part axial ly therethrough and. a first inflation port that 

20 communicates with the first lumen. Isolation of the right 
atrium is achieved fey occluding the superior and inferior 
vena cava. A first inflatable balloon is carried by the 
first, flexible cannula adjacent its distal end for occluding 
the superior vena cava. To receive blood from venous 

35 ciruclation f an orifice which is spaced distal iy of the 
first inflatable balloon communicates with the cavity and 
w of blood from the superior vena cava into 
the cavity. A second flexible cannula has a second cavity 
which is adapted for receiving the first cannula to permit 

30 relative slMeafele movement between the first and second 
cannulas where the second cannula has a second inflatable 
balloon carried at its distal end for occluding the inferior 
vena cava and also has a plurality of venous return ports 
which are spaced proximately of and adjacent to the 

35 inflatable bailees** These return ports communicate with a 
third cavity for receiving blood from the inferior vena 
cava. 

To achieve card" 1 sry bypass pur.p support 
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during heart surgery, a method is provided which comprises; 
(at) the insertion of an arterial perfusion catheter into a 
preselected arterial vessel of sufficient radial dimensions 
to permit the passage of the arterial perfusion esthetes' 
5 through the vessel and into the ascending aorta* &n 
inflatable balloon is carried at the distal tip of the 
arterial perfusion catheter for occluding the aorta so as to 
occlude blood flow from the left ventricle when the balloon 
is inflated. The arterial catheter also has a second lumen 

10 for delivering a cardioplegia solution into the aortic root 
distal ly of the inflatable balloon and a third lumen to 
deliver blood from the cardiopulmonary bypass pump into the 
ascending aorta proximately of the balloon; (h) advancing 
the arterial catheter within the arterial vessel and 

15 positioning the balloon In the ascending aorta caphalid of 
the junction of the coronary arteries with the aortic root? 
(c) inserting a venous perfusion catheter into a preselected: 
vein having sufficient radial dimensions to permit passage 
of the venous perfusion catheter through the vein and into 

M communication with the superior and inferior vena cava 
entrances into the right atrium. The venous catheter 
carries a first inflatable balloon adjacent the tip of the 
venous catheter for occluding the superior vena cava and a 
second inflatable balloon carried by the venous catheter 

25 located proximately of the first balloon for occluding the 
inferior vena cava thereby precluding blood flow into the 
right atrium, The venous catheter has a first conduit 
comm«.ni eating with the first end second inflatable balloons 
to provide fluid to the balloons for inflating them and the 

so catheter also has a second conduit for receiving blood from 
the superior and inferior vena cava for delivering blood to 
the intake of the cardiopulmonary bypass pump? (d) advancing 
the venous catheter within the vain and positioning the 
first and second balloons in the superior vena cava and 

35 inferior vena cava respectively so as to preclude blood flow 
into the right atrium upon inflation of the balloons? (s) 
connecting the arterial catheter to the cardiopulmonary 
bypass pump such that the third lumen of the arterial. 
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catheter is in communication with the outlet port of the 
cardiopulmonary bypass pu«yp and connecting the venous 
catheter to the eardi opul -nonary bypass pump so that the 
second conduit, of the venous catheter is in communication 
S with the inlet port of the cards \ - > bypas ; pump? (f } 
after the steps described in <«:)> (to) t (c) f (d) and (e) 
above,, the step of activating the cardiopulmonary bypass 
pump? (g) after performing the step described in {t} , the 
step of inflating the inflatable balloon carried by the 

10 arterial perfusion catheter sufficiently to occlude the 
passage of blood from the aortic root into systemic arterial 
circulation; (h) after performing the steps set forth in 
paragraph (g) , the step of injecting cardioplegia solution 
into the aortic root to arrest, the heart? and (i) inflating 

15 the first and second balloons sufficiently to preclude blood 
flow from the inferior and superior vena cava respectively 
into the right atrium thereby completing isolation of the 
heart and establishing total cardiopulmonary bypass support, 
Thus, a catheter system has been set forth for 

20 providing cardiopulmonary bypass pump support during heart 
surgery which Bay be utilised during minimally invasive 
procedures or utilized when a median sternotomy or major 
thoracotomy is performed. The catheter system allows the 
catheters to he inserted peripherally. In minimally 

25 invasive surgery this procedure avoids the need for a major 
chest incision such as thoracotomy or median sternotomy. 
The catheters nay be positioned by using ultrasound imaging 
and sensor technology which eliminates the need for ionizing 
irradiation exposure as a means of locating the balloons and 

30 tip of the catheters . Precision positioning by ultrasound 
imaging can be achieved through the use of well-known 
techniques such as transesophageal, tr a ns thoracic, or an 
endoscopic echo probe placed between the ribs. The catheter 
system of this invention permits an arterial perfusion 

35 catheter to be peripherally inserted into arterial vessels , 
preferably into a femoral artery t and then advanced into the 
aortic arch; or the arterial perfusion catheter can be 
inserted into the left subclavian artery, advanced, and 
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thereafter positioned in the aortic arch. Inserting the 
arterial catheter into the peripheral arterial vessels has 
the advantage of reducing the risk of embolism froia 
cholesterol or calcium fragment's' which are frequently 
5 present, in the ascending aorta. Such insertion also avoids 
surgical trauma to the ascending aorta and most importantly, 
eliminates the need for a median sternotomy incision or a 
major thoracotomy . The use of balloons on the catheter to 
occlude the aorta have the advantage of eliminating 

10 -distortion and trauma to the aorta which occurs when a cross 
clamp is applied to ocelnde the aorta ? the balloons can foe 
inserted from a remote location thus eliminating the need 
for a sternotomy or major thoracotomy* If the aorta is 
brittle and heavily calcified or involved with cholesterol 

IS deposits, balloon occlusion nevertheless will he effective 
thereby avoiding abortive surgery. In circumstances where 
direct decompression of the left ventricular chamber is 
desired, this can foe accomplished by the arterial catheter 
having an Extended tip length which is of sufficient 

20 dimensions to traverse the aortic valve into the left 
ventricle, To decompress the left ventricle, the tip has a 
Multiplicity of openings Which communicate with a dedicated 
lumen connected to a suction source. This allows the 
evacuation of blood from the chamber and reduces the risk of 

2 5 < < ension 
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Mmi.:..M l tL~&LMm» Dra wings 

These and other features and advantages will 
'become appreciated as the same become better understood- with 
reference to the following specification, claims and 
5 drawings wherein; 

FIG, 1 is a schematic drawing illustrating a 
catheter system of this invention. 

FIG, 2 is a schematic drawing of an arterial 
perfusion catheter inserted into the subclavian artery. 
10 FIG. 3 is a schematic drawing illustrating 

positioning of the arterial and venous catheters to achieve 
cardiopulmonary bypass support. 

FIG. 4 is an in~part cross-sectional view of 
one embodiment of an arterial perfusion catheter. 
15 FIG, S is a top view of FIG* 4. 

FIG* 6 is a crass-sectional view along the lines 

6- 6, 

FIG » ? is a cross-sectional view along the lines 

7- 7, 

20 FIG. 7 A is an enlarged view of FIG* ?. 

FIG. 8 is in part, cross— sectional , view of one 
embodiment of a venous catheter* 

Tt&* 9 is a top view of the distal end of the 
venous catheter shown in FIG. 8. 
25 FIG. io is a cross-sectional view taken along the 

lines 10- 10. 

FIG. 11 is another embodiment illustrating the 
distal portion of a venous catheter. 

FIG. 12 is a side, part, cross-sectional view, of 

3D FIG. 11. 

FIG, 13 is a left end view of FIG, 12, 

FIG > 14 is a cross-sect ional view taken along the 
lines of 14-14 of FIG* 11, 

FIG. 14A is an enlarged view of FIG, 14. 
3S FIG. 13 is a schematic view of the catheter system 

of this invention illustrating an embodiment of an arterial 
catheter for decompressing the left ventricle. 

FIG. 16 is a part cross-sectional view of an 
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arterial perf usion catheter of the type illustrated in FI<; . 

FIG. 1? is a part cross-sectional top view of FIG, 

16. 

§ FIG, IB is a part phantom cross-sectional view 

illustrating an eiabo&imant of the distal end of an arterial 
perfusion catheter „ 

FIG* 19 is a phantom and part, cross-sect ionai view 
of another asibodiment of an arterial perfusion catheter of 
10 this invention* 

FIG, 20 is a schematic view illustrating a femoral 
artery catheter and venous catheter system for achieving 
cardiopulmonary bypass , 

FIG* 21 is a schematic vie*? illustrating an 
15 arterial perfusion catheter inserted through the femoral 
artery and a venous catheter occluding the superior and 
inferior vena cava* 

FIG* 22 is a part cross-sectional side view of the 
arterial perfusion catheter illustrated in FIG* 21. 
20 FIG* 23 is a partial cross-sectional view of the 

distal end of the venous catheter shown in FIG* 22* 
FIG* 24 is a left end view of FIG* 22, 
FIG* 2B is a right end cross-sectional view of 

FIG, 23, 

25 FIG* 26 is a bottom View Of FIG, 23* 

FIG* 27 is a schematic view illustrating the 
catheter system of this invention with an arterial perfusion 
catheter inserted through the fampral artery and having an 
extended distal tip for decompressing the left ventricle* 
30 FIG* 28 is a perspective view of a catheter 

steering method, 

FIG, 29 is an exploded perspective view of a 
steering cable holder* 

FIG. 30 is a part eross-saetional view 
3S illustrating another embodiment for catheter steering, 

FIG, 31 is a part cress-sectional perspective view 
of the embodiment of the steering mechanism of tills 
invention shown in FIG* 30* 
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FXG. 32 is a cross-sectional view of taken along 
the lines 32-32 Of FIG. 33, 

FIG, 33 is a top raw of FXG, 32, 

FIG, 34 is a part cross-sectional perspective view 
S of the embodiment sfem in FXG, 30, schematically 
illustrating the ultrasound signal source for positioning 
th« catheter in a body structure, 

FIG, 35 is a part cross-sectional View 
illustrating the distal end of an arterial perfusion 
10 catheter. 

FIG, 36 is a right side view of FIG, 35, 
FIG. 3? is a perspective view illustrating the 
catheter sensor for detecting ultrasound and converting the 
sound energy into an electrical impulse. 
15 FIG. 38 is a schematic view illustrating another 

embodiment of the arterial perfusion catheter of this 
invention inserted directly: into the descending aorta, 

FIG. 39 is an illustration of minimal invasive 
thorascople placement in the aorta of the catheter shown in 
20 FIG, 38, 

FIG. 40 is a perspective view of another 
embodiment of an arterial perfusion catheter, 

FIG, 41 is a side view of the catheter shown in 

FIG, 40, 

25 FIG, 42 is a part cross-sectional view taken along 

the lines 42-42 of FIG. 41. 

FIG. 43 is a schematic illustration of another 

embodiment of an arterial perfusion catheter of the catheter 

system of this Invention, 
30 FIG » 44 is a schematic illustration of yet another 

embodiment of an arterial perfusion catheter of the catheter 

system of this invention. 
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FIG. 1 is a schematic view, illustrating a system of 
venous perfusion and arterial perfusion catheters for use in 
obtaining total cardiopulmonary bypass support and isolation 
5 of the heart during the performance of heart surgery. In 
general, the catheter system incorporates a venous catheter 
1. which is inserted peripherally into the femoral vein and 
advanced through the femoral vein by a steering naehanism 
controlled by joy stick 2. By referring to FIG. 3, venous 

10 catheter 1 is then positioned either by ultrasound 
|u s or radiography such that the distal tip 3 extends 
into the superior vena cava 4. Superior vena cava 4 is 
occluded by the expander or balloon 6 which is located 
adjacent to distal tip 3 and placed cephalic: to the atrio- 

15 cava! junction ?. A second expander or balloon 8 carried by 
venous catheter 1 is spaced proximal ly from first expander 
or balloon 6 at a fixed distance and positioned proximately 
of the atrio-caval junction; to occludes the inferior vep 
cava 9, As can be seen in FIG * 3,, first and second 

20 expanders or balloons straddle the atrio-caval junction 7 
and when inflated isolate the heart from blood flow into the 
right atrium of the heart. Arrows A illustrate the Mood 
flow from the superior vena cava 4 through a multiplicity of 
venous orifices li which are located in the distal tip 3 of 

25 venous catheter i» these orifices communicate with ax tally 
extending venous cavity 12 which provides a flow path to the 
bubble oxygenator., heat exchanger and arterial reservoir 13 
(shown on FIG* 1} . 

Blood flow into axial I y extending venous cavity 12 from 

30 the inferior vena cava 9 is shown by arrows B. Blood flow 
represented by arrow- A also flows into venous cavity 12 
through a plurality of venous return ports 14 which 
communicate with venous cavity 1.2, Similarly, a plurality 
of second venous return ports 16 communicate with venous 

35 cavity 12 to permit blood flow into cavity 12 for 
transportation to bubble oxygenator,- heat exchanger and 
arterial reservoir 13 in the direction shown by arrow m 
Referring again to F1S, l f it can be seen that the 
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blood is directed from bubble oxygenator 13 into arterial 
roller pump 1? from which oxygenated blood is returned to 
arterial circulation as shown by arrow €, Venous catheter 
1 as shown and described in both FIGS* X ahd 3., is one 
5 embodiment of the venous perfusion catheters of this 
.invention which will bo described in greater detail below. 
Likewise, tbe arterial perfusion catheters of this invention 
will be described in several embodiments hereafter? however, 
for the purpose of describing a system embodiment of a 

10 venous catheter and arterial catheter system to achieve 
total cardiopulmonary bypass., .further reference to FIGS* l 
and 3 will be Made for the purpose of an orderly 
presentation of the various systems and catheter structures 
of this invention. 

15 Further reference is now made to FIG. 1 wherein an 

embodiment of the perfusion arterial catheter of this 
invention is referred to as a subclavian catheter IS* 
Subclavian catheter 18 is comprised of two cannulas, namely 
first flexible cannula member IS and second flexible cannula 

20 member 21 (illustrated in FIG. 3) . 

In FIG, 2, the insertion of arterial perfusion catheter 
18 into subclavian artery 22 is schematically illustrated. 
As can foe seen in F2S» 2, the catheter 18 is steered by 
arterial catheter joy sticb 2' into tbe aortic arch 23 such 

2S that first opening 24 of second flexible, cannula 21 is 
positioned adjacent the descending or thorasic aorta 26* 
This permits the flow of oxygenated blood from tbe 
cardiopulmonary bypass pump into arterial circulation* By 
referring to both figs » 2 and 3, it can be seen that first 

30 flexible cannula 19 is slidsafoly extendable from second 
flexible cannula 21 and has an inflatable balloon 2? 
adjacent its distal tip 38. In one embodiment,, distal tip 
28 is spaced a sufficient fixed distance from inflatable 
balloon 2? to transverse the aortic valve? in another 

35 embodiment, as shown in FIG. 3, the distal tip 28 is 
directly adjacent inflatable balloon 27, and in yet another 
embodiment, distal tip 28 is extendable distally relative to 
inflatable balloon 27 to permit the distal tip 28 to be 
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advanced across the aortic valve 19 and into the left 
ventricle 31. Inflatable .balloon 2? may be positioned in the 
ascending aorta by utilizing ultrasound techniques or 
fluoroscopic imagery . 
S FIG. 2 Illustrates the use of a catheter system 

interface 31 where an ultrasonic image of scanned tissue is 
presented on a television monitor. h transcpieal echo 
device 32 is positioned .behind the heart in the esophagus 
where the ultrasonic sound waves- emitted from the device 

10 reflect from both the body tissue and the catheter , thereby 
assisting the surgeon in precisely positioning inflatable 
balloon 2? in the aortic root just above the aortic valve 
and coronary artery orifices (ostias) . 

Again referring to the schematic of FIG, 1, first 

IS flexible cannula 19 may be selectively placed in. 
communication with an infusion roller pump 33 for the 
delivery of a cardioplegia solution 34 to the aortic root 
through the orifices 36 contained in distal tip 28 of first 
flexible cannula 19 or for venting blood from the aortic 

20 root into suction roller pump 3? where the vented blood is 
returned as shown by arrow D through the cardiotomy 
reservoir return line to the bubble oxygenator and heat 
exchanger 13 » The vented blood is thereafter oxygenated and 
then delivered to the arterial roller pump 1? where it is 

25 returned into arterial circulation as shown by arrow C £FIG. 
X}* 

The embodiment of catheter 18, illustrated in FIG, 3, 
is set forth in greater detail in FIGS, 4, 5 t e, 1 and 7a. 
Referring to FIG. 4 f arterial perfusion catheter 18 has a 

30 first flexible cannula member 19 which has an axially 
extending first arterial lumen 38 that communicates with a 
plurality of orifices 3S located in the distal tip 28 of 
first flexible cannula member 19. The proximal end of first 
flexible cannula member 19 is connected, to two-way connector 

35 switch 39 which permits selective communication between, 
first lumen 38 and infusion roller pump 34 or suction roller 
pump 3? through cardioplegia connector 41 and aspiration 
connector 42. Both cardioplegia connector 41 and aspiration 
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connector 42 communicate with first proximate port 43 such 
that first lumen 38 may selectively either provide a fluid 
route- for the delivery- of cardioplegia solution to distal 
■ orifices 36 or to permit the aspiration of blood from the 
5 aortic root cephalid of the coronary artery ostia* To 
occlude the ascending aorta cephalid ©f the coronary artery 
junction, an inflatable balloon 27 is carried by first 
flexible cannula member 19 adjacent distal tip 28 of the 
catheter. A. multiplicity of inflation ports 44 communicate 

10 with a second arterial lumen 46 which extends axial ly in 
part within first flexible member is and communicates with 
arterial inlet port 47, Although not shown in FIG. 4, 
arterial inlet port 4? communicates with a balloon 
inflation-defiation syringe source 43 which may inject 

15 either a saline or other biocompatible fluid solution into 
the balloon to inflate it sufficiently to occlude the 
ascending aorta at a location adjacent and cephalid of the 
junction of the coronary arteries* Thus, an arterial 
perfusion catheter is provided which has the advantage of 

20 occluding the aorta by eliminating the distortion and trauma 
to it which would occur if a vascular clamp were applied to 
the aorta externally to occlude left ventricular flow into 
the aorta. 

The return of oxygenated blood to arterial circulation 
25 is achieved through first opening 24 which communicates with 
first arterial cavity 48. Arterial cavity 48 extends axially 
through second flexible cannula 21 to provide a flow channel 
from the cardiopulmonary bypass pump to which it is 
connected at its proximal end by connector 4.9. 
30 A handpiece 51 is shown in FIG. 4 which can toe used 

interchangeably with either the venous catheter or arterial 
catheter embodiments of the catheter systems of this 
invention. As can he seen in FIG* 4 f a cross -section is 
shown of handpiece 51 within which first flexible cannula 
35 member 19 is held in fixed relationship with the handpiece 
by plug members S2 and S3 and catheter housing 20. Plug 
members 52 and S3, and housing 20, are composed of two 
sections which are mirror images of each other and are 



24 

carried by the mating frame Beyers 54 and 56. The f ram© 
members are hinged together hinges 57 and 57 s . The 
hinging of the Bating frame members permits the handpiece to 
be opened and allows the catheter, whether an arterial 
5 perfusion catheter or venous perfusion catheter, to be 
removably countable to the handpiece. 

By referring to FIG. 5 which is a top vim of FIG. 4, 
lasting frame members 54 and 56 are shown in closed position 
with first flexible cannula 19 clamped there-feetween. By 

10 reference to FIG. 7a which is an enlarged view of Flo, ?, it 
can be seen that first cannula member 19 has four steering 
lumens 58 vfaich extend in part axial ly through the cannula 
to permit steering vires $9 to pass through cannula 15 in 
elideafoXe relationship where the distal ends of the steering 

15 wires S9 are connected to the distal tip of the first 
flexible cannula member as is more definitively illustrated 
in FIGS. 35, 36 and 37. The steering mechanism for 
handpiece 51 and steering wire relationship to the catheter 
will be more fully detailed hereinafter, however, it will be 

2.8 appreciated that through t&e manipulation of joy stick 2 5 
appropriate linkage permits steering wires 59 to be placed 
in tension relative to each other thereby permitting the 
distal tip of the catheter to articulate, 

Referring again to FIG. 7a, it can be seen that a 

2 5 clearance 61 exists between first flexible cannula IS and 
second flexible cannula 21 to permit, flexible cannula 19 to 
be advanced through cannula 22. Preferably this clearance 
is .01*. Thus, by gripping handpiece 51, the surgeon by 
moving the handpiece in either direction horizontally «dll 

3D induce the slideable advance of first cannula 19 within 
second cannula 21, This arrangement permits the surgeon to 
position first opening 24 of second flexible cannula 21 in 
the aortic arch and thereafter to slide first cannula IS 
relative to second cannula 21 so as to position inflatable 

35 balloon 27 in the aortic root. A first sensor 61 is carried 
by first flexible cannula 19 proxlm&lly of balloon 27 and a 
second sensor 62 shown on FIG. s is positioned at the distal 
end of the balloon 21 where the sensors may be made of a 
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material that efficiently reflects ultrasonic waves. 
ultrasound waves are detectable by a device such as a 
trahsophieal echo device 32 (FIG. 2} for a clear 
presentation oi to t?u U on ;>? so 

B as to wre precisely position the .balloon in the aortic arch 
cephalic: of the junction of the coronary arteries. Other 
embodiments of the catheter may utilise a reflective 
material to promote fluoroscopic imaging of the balloon 
extremities to properly position the balloon in the aortic 

10 root? reflective materials such as barium sulfate or 
bismouth sub carbonate are well known in the prior art of 
fluoroscopy. The cannulas 19 and 21 may also be in part 
impregnated with radiopaque materials such as barium 
sulfate, hi ite ot iodine containing 

15 molecules; or impregnated with tungsten,, ©r fillers such as 
plasticigers or other pigmentation or anti-oxidemts, or 
coated with Heparin or ant i ~t.hr ombogenio agents to promote 
visual i 2 at ion of the catheter and balloon within the 
arterial vessel and aortic wall. There are well known 

20 materials in the prior art for use in constructing the 
balloon such as silicon rubber, polyurathane , latex nylon, 
polyamide, and polyethylene. Likewise, cannulas 19 and 21 
•may be made of known materials in the prior art such as 
silicon rubber, polyvinyl chloride, polyurethane, or other 

25 suitable materials such as ethylene or nylon. Catheter 
sizes may vary from 12-35 French with 4-12 mm outside 
diameter and have lengths from 40-120 cm to accommodate flow 
rates of ,$ to 8,0 liters per sninnte. 

By referring to FIG. 6 it can be seen that the distal 

30 tip of first flexible cannula 19 has a plurality of orifices 
36 which communicate with first lumen 38 thereby permitting 
the flow of either cardioplegia solution into the aortic 
root or the aspiration of Mood from the aortic root, 
Distal tip 28 is tapered to permit ease of passage of 

35 cannula member IS as it is advanced through an arterial 
vessel > 

One embodiment oi ? fcheter of this 

invention is shown in FIG. 3, This embodiment is removably 
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mountabie to the handpiece 51 and., is more definitively 
illustrated in FIG* 8, As previously described, handpiece 
51 has a joy stick member 2 which is connected to a steering 
mechanism 63 for articulating the tip 3 of the venous 
5 catheter l so as to position tip 3 in the superior vena cava 
and position inflatable balloons 6 and 8 to straddle the 
atrio-caval junction. Upon inflation of the balloons, the. 
superior and inferior versa cava are occluded and the heart 
isolated. As in the construction of the arterial perfusion 

10 catheter, the distal tip 3 of venous catheter is tapered to 
promote passage through the femoral vein* 

By referring again to FIG. 8 f axiaily extending venous 
cavity 12 provides a flow path for blood which is suctioned 
from the superior vena cava through the multiplicity of 

IB orifices 11 located at the distal tip and also through the 
plurality of first venous return ports 14, Second venous 
return ports 16 also communicate with axially extending 
venous cavity 12 to permit passage of blood from the 
inferior vena cava into the cavity for transport to the 

20 cardiopulmonary bypass pump, to accurately position first 
inflatable balloon 6 in the superior vena cava at the atrio- 
caval junction, a pair of venous sensors €4 and 66 are 
carried by venous catheter 1 and located; at the distal and 
proximal ends of first inflatable balloon 6, Venous sensors 

25 64 and 66 may be made of a material reflective of ultrasound 
or coated with a piezoelectric material. The piezoelectric 
material may generate an electric signal to be carried by 
steering wires 67 and 68 for transmission to a catheter 
system interface and thereafter presented on a monitor to 

30 assist, the surgeon in visualising the distal and proximal 
ends of the first inflatable balloon during its passage 
through the femoral vein and ultimate positioning in the 
atrio-cavai junction. Sensors 64 and 66 may alternatively 
be radiopaque markers for use in fluoroseopically imaging 

35 the location of the balloon. 

To inflate the balloon®, a first venous inflation port 
communicates with first inflatable foalloon 6 and a first 
venous lumen 70 extends in part axially through venous 
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catheter i and ultimately communicates with a syringe device 
for injecting saline solution or other biocompatible fluid 
through the first ymm& Ixmm *h« into first inflatable 
balloon 6 for expanding the balloon until it 
5 clrcumferencially bears against the vessel wall of the 
superior vena cava thereby precluding blood flow around the 
balloon. Blood therefore returning fro® the superior vena 
cava for del ivory into the right atrium will pass through 
the multiplicity of orifices 11 at the distal tip of 

10 catheter 1 and also through the plurality of venous return 
ports 14 which are located distal ly of first inflatafeie 
foal loon 6, Likewise, second inflatable balloon S is 
straddled by a pair of sensors 71 and ?a which may be coated 
with a piezoelectric material or made of an ultrasound 

1.5 reflective material? alternatively, the sensors may be 
radiopaque markers for f luoroscopically imaging the location 
of the second inflatable ballooh in the femoral vein* 

As can further fee seen in FIG . 8,, a second inflation 
port 73 communicates with second inflatable balloon B and 

20 also communicates with a second venous lumen 74. to permit 
the passage of a saline solution or ether fluid into the 
second inflatable balloon. A remote opening 76 communicates 
with second lumen 74 to permit the insertion of a syringe 
into the second lumen for injecting a saline solution or 

25 other fluid to inflate second inflatable balloon 8.. The 
inferior vena cava is occluded fey the inflation of second 
inflatable balloon 8 and thus blood which is flowing toward 
the right atrium after the balloon is inflated will be 
precluded from flowing past the balloon and will, enter into 

30 a>:ially extending venous cavity 12 through second venous 
return ports 16 <- The Mood is then transported directly to 
the intake side of the cardiopulmonary bypass pump to which 
the venous catheter 1 is connected by venous connector 77, 
By referring to FIG. 9 it can be seen that the distal 

35 tip of the venous catheter 3 has a distal sensor 78 . Sensor 
?i may also be coated with a piezoelectric material or fee 
made of a suitable ultrasound reflective material,, or may fee 
a radiopaque marker for fluoroscopxcally imaging the 
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location of the distal tip of the catheter. By reference to 
FIG. 10, first venous lumen 70 is radially spaced oppositely 
from second venous lumen 69; and steering wires 67 and 68 
pass through steering lumens 79 and 81 respectively. As 
5 will ha more clearly shown hereafter, the steering wires 
permit articulation of the distal tip of the catheter to 
prompt© passage of the catheter and advancement within an 
arterial, or venous structure ♦ 

Another embodiment of a venous perfusion catheter 1 5 is 

10 shown in FIGS. 11, 12, 13 , 14 and 14a, This catheter 
performs the identical function as venous catheter 1 
described above, however, venous catheter 1* utilises a 
structure which permits the spacing between the first and 
second inflatable balloons to tee adjustable thereby 

15 enhancing the universality of use of catheter X* . 

Referring now to FIG. 12, it can tee seen that venous 
catheter 1* is comprised of a first venous flexible cannula 
82 which is in part si ideably contained for slideable axial 
movement relative to second flexible cannula 83. First 

20 flexible cannula 82 because of its siideahle relationship 
with second flexible cannula S3 permits the distance between 
first inflatable balloon 6* and second inflatable balloon 8* 
to be varied. This slideable relationship between first 
inflatable balloon 6' and second inflatable balloon 8* 

25 permits this embodiment, venous perfusion catheter 1* , to be 
used with a greater spectrum of patients than the venous 
catheter embodiment described above, As in the previous 
embodiment, the first and second inflatable balloons are 
positioned by the surgeon through the use of sensors 64 * and 

30 66 ' which respectively straddle first inflatable balloon 6> 
at its proximal and distal ends? similarly, second 
inflatable balloon 8' has sensors 71 8 and 72 s which likewise 
straddle inflatable balloon 8' respectively at its distal 
and proximal ends. Sensors 64*, 66V, 71* and 12* may be 

35 made of a material which is reflective of ultrasonic waves 
or coated with a piezoelectric material to convert 
ultrasound energy into an electrical signal by methods which 
are well known in the prior art. Such signals may be 
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transformed into an image presentable on. a video monitor to 
assist the surgeon in. identifying the exact location of the 
balloon extremities before inflation, Radiopaque markers 
may also be used to delineate the location of the balloons 
5 and flnoroseopieally imaged to again assist the surgeon in 
locating the balloon relative to the atrio-eaval junction. 

inflation of the first inflatable balloon after it is 
positioned in the superior vena cava is achieved through the 
injection of a saline solution or other biocompatible fluid 

10 by a syringe (not shown) where the fluid is transported 
through first venous lumen 70' which is contained within 
first flexible cannula member 82 and communicates with first 
venous inflation port SS* 'Fort 86 in turn communicates with 
the internal region of the first inflatable balloon. To 

15 inf late second inf latable balloon 8 * r a second venous lumen 
69* (shown in PIG. 14a) communicates with ..second venous 
inflation port 73' which in turn communicates with the 
internal region of the second inflatable balloon such that 
a saline fluid -remotely injected into the second lumen (not 

20 shown) aay inflate the second inflatable balloon after it 
has been positioned in the inferior vena cava. 

venous perfusion catheter I s has a multiplicity of 
orifices 11 s located in its distal tip 3 s which redirect 
blood flowing through the superior vena cava toward the 

25 right atrium into axially extending venous cavity 1.2 ? where 
the blood ie transported through cavity 12 * to the 
cardiopulmonary bypass pump. Blood flowing through the 
inferior vena cava is prevented from reaching the right 
atrium by the inflation of second inflatable balloon 73* and 

30 the blood therefore flows through the plurality of venous 
return ports IS ' into a third ascially extending venous 
cavity 8? where the blood is transported through axially 
extending venous cavity 87 to the cardiopulmonary bypass 
pump > Although nor shown, in the drawings,, prior to the 

35 blood being delivered to the cardiopulmonary bypass pump, a 
junction is formed to permit the confluence of the blood 
flow in ascially extending venous cavity 87 and axial iy 
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extending venous cavity 12 ' . The confluence then is 
directed inrc the intake of the cardiopulmonary bypass pusp. 

By referring to FIG „ 14a, it can be seen that first 
flexible cannula 82 has a pair of opposing venous steering 
5 liimens 79* and 81 s where steering wires 68' and 67* extend 
axial ly through the lumens t the steering wires connect to- a 
steering mechanism which is described below.- 

Venous perfusion catheter 1* is preferably inserted 
into the femoral vein in the groin region and then advanced 
10 through the femoral vein to the atrio-caval junction fey 
steering first venous flexible cannula member 82. this is 
accomplished by the application of opposing tension to 
steering wires 67 » and 68 * . Venous catheter 1 * may also be 
advanced through the femoral vein through the use of a guide 
15 wire ■ which is first introduced into the vein an& then 
advanced through, appropriate imaging to the atrio-eaval 
junction, The proximal end of the wire may then be inserted 
through orifice 11' of first flexible cannula 82 and cannula 
advanced along the guMe wire pstli it reaches the atrio- 
20 eaval junction where the balloons are then positioned and 
inflated. 

Although not shown in the figures, isolation of the 
heart may be achieved by utilizing two venous perfusion 
catheters of identical construction. These catheters would 

35 each have an inflatable balloon at their distal ends. One 
of the catheters wonM be inserted through a peripheral 
vein, the jugular vein for example., and the distal tip 
advanced into the superior vena cava and positioned to 
occlude the superior vena cava at the atrio-oaval junction. 

30 Orifices located proximally of the balloon wouia permit 
blood flowing toward the right atrium to be diverted into a 
conduit within the catheter for transport to the 
cardiopulmonary by-pass machine. similarly, the other 
catheter of like structure would be inserted through the 

35 femoral vein and advanced and positioned in the inferior 
vena cava at the atrio-cavai junction, inflated., and blood 
flow redirected through orifices located proximal iy of the 
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balloon to the cardiopulmonary bypass pump. 

Other embodiments of arterial perfusion catheters of 
this invention are illustrated in FIGS > 15 through 19. Each 
of the arterial perfusion catheters described in FIG'S > 13 
5 through IS embody an extended distal portion which may toe 
extended across the aortic valve and into the left, ventricle 
to provide a left ventricle venting function? cardioplegia 
solution may still ba delivered into the aortic root as in 
the above-described embodiments of the arterial perfusion 

10 catheter or the same flow path may be used for aspiration of 
the aortic root- FIG. 15 is an illustration of one 
iimant of an arteri *.l perfusion catheter where the first 
flexible cannula 19 has a fixed distance between the distal 
tip 28 of the catheter and the inflatable balloon 27. Other 

IS embodiments, shown in FIGS. 16, is and 19 illustrate the 
distal portion of arterial catheters where the arterial 
perfusion ■ catheter has a first flexible cannula portion 
which is extendable from the second flexible cannula 21 
after balloon 27 is positioned in the aortic arch, 

20 Bat erring now to FIG. 16 f the handpiece 54 which was 
previoueiy described is again utilised to carry first 
flexible arterial cannula 19' - Cannula 19' may foe made of 
the same materials of previous catheter embodiments 
described above- First arterial catheter 19' has a distal. 

as tip 28' which is tapered to accomodate the passage of the 
catheter through the arterial vessels, A plurality of 
second openings 36* are located in distal tip 28 and 
communicate with third arterial lumen 88 which extends 
aKially through flexible cannula 19 * to provide a flow 

30 channel for blood vented from the left ventricle 
decompression roller pump 4 0 (shown in FIG. 38) where the 
blood is pumped thereafter to the arterial reservoir - 

A second flexible cannula 21' is shown in FIG. 16 where 
first flexible cannula 12 s slideably extends through second 

35 arterial cavity SO * contained in second f lexible, cannula 
21*. To deliver blood to arterial circulation, second 
flexible cannula 21* has a first arterial cavity 48* which 
has a first opening 24'. First opening 24 f communicates 
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with first arterial cavity 48 s which in turn cossanicatss 
with the outlet side of the cardiopulmonary bypass pump and 
is connected to the pimp toy connector 49* . Second cannula 
member 2:1* at its distal end 89 carries an inflatable 
5 balloon 2? * ' which is expandable so as to penal t occlusion 
of the aortic arch. As can be seen in FIG. 16, a plurality 
of inflation ports 44' communicate with the internal region 
of inflatable balloon 2? ! and also with second arterial 
lumen 46 s which extends axial ly through second flexible 
ID cannula 21* and communicates with arterial inflation port 
so. A suitable connector may fee attached to second flexible 
cannula 21' to provide for the injection of a saline or 
other solution to permit the surgeon to selectively expand 
balloon 27 * * 

IS "Venting of the aortic root is accomplished through the 

use of a multiplicity of arterial venting orifices SI which 
communicate with first arterial lumen 38 > . Arterial lumen 
38* extends at least in part axially through first flexible 
cannula 19*1 & first proximate port 43* communicates with 

20 first lumen 38 * at the junction of first flexible cannula 
member 19 with selector switch 39*. Selector switch 39? 
allows the surgeon to selectively place first lumen 38* in 
communication with either cardioplegia connector 41* or 
aspiration connector 42* ? thus the surgeon may selectively 

25 introduce a cardioplegia solution through cardioplegia 
connector 41* where the solution under pressure of a 
infusion roller pump is pumped through first lumen 38* to. 
arterial venting orifices 91* for delivery into the aortic 
root* Alternatively, the surgeon may place selector switch 

30 3.9* in a second position whereby aspirator connector 42 5 
communicates with a suction roller pump and places first 
lumen 38* in communication with the pump far aspirating 
fluid from the aortic rooty 

As previously described in PIS* 5 f the handpiece Si 

35 provides for the inter -changeab.il ity of the various venous 
perfusion and arterial perfusion catheter embodiments of 
this invention. First flexible cannula member 19 5 is 
clamped between mating frame members 5 4 and 56 of handpiece 
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51 and securely held by plug members 52 and 53, Although 
not illustrated, first- flexible cannula messher 19* is 
stserahle through the use of opposing steering -wires 59* 
which are carried by cannula 19 s and extend through a 
S plurality of steering lumens as shown in FIG* 7a where the 
steering lumens are identified by numeral 58. Steering 
wires 59 « are ean.nect.ahle to the steering mechanism 63 such 
that my manipulation of the joy stick 2* the tension in 
steering wires 59 * may be varied which will allow the distal 

10 tip of flexible catheter 19* to articulate so as to permit 
the surgeon to advance the catheter through the arterial 
vessel. trfoa steering mechanism 63 relationship with 
handpiece 54 is described below in more detail. 

To assist the surgeon in locating the distal tip 28' of 

15 arterial perfusion catheter 18* and also to position balloon 
27 s in the aortic arch, a sensor 92 is fixed adjacent the 
distal end 29* of first flexible cannula member 19 ! where 
sensor 92 may foe made of a ultrasonic reflective material , 
or coated with a piezoelectric material or may foe a 

20 radiopaque marker for flouroseopically imaging the distal 
tip 28* of the catheter. Sensors 61 5 and 52* are fixed to 
second flexible cannula member 21* adjacent the proximal and 
distal ends of balloon 27* respectively, These sensors 
perform the identical function of those sensors previously 

25 identified which straddle the inflatable balloons on the 
venous perfusion and arterial perfusion catheter embodiments 
of this invention » By referring to PIG. 17, which is a top 
view of FIG. 16 f it can foe seen that sensors 61* , 62 5 and 92 
eircumfereneially enclose the catheters to which they are 

30 attached so as to promote visualisation of the distal 
extremity of flexible cannula 13 ' ' and the dicta! and 
proximal extremity of inflatable balloon 27*. 

Another embodiment of an arterial perfusion catheter of 
this invention is shown in FIG. 18. in the embodiment shown 

3S in PIS. 18,, the distal tip 28'* of first flexible cannula 
19 * has a plurality of aisfcal orlf loss 36 * * which 
communicate with third, .lumen &§ } that provides a flow path 
for blood suctioned from the left ventricle to the 
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cardiopulmonary bypass pmap. The aortic valve 93 is sfcown 
in phantom and arterial venting orifices 91* are shown to foe 
located on the opposite olds of the aortic valve from distal 
orifices 3$". m« arterial venting orifices 91* 
5 ccasssunicate with first arterial, lumen 38*' which Bay be 
selectively places in communication with a cardioplegia pump 
or an aspiration pump such that- cardioplegia solution may be 
delivered through orifices 91* or blood may foe vented 
through the orifices into the first lumen for delivery to 

10 the intake side of the cardiopulmonary bypass pump. 

To position first flexible cannula member is • * and 
second flexible cannula 21 5 * in the aorta , a wire 94 is 
first advanced through an arterial vessel in communication 
with the aorta and extended across the aortic valve into the 

IS left ventricle. First flexible cannula member IS" is 
advanced over wire 94 until distal tip as" is positioned in 
the left ventricle, As can be seen in FIG* IS first 
flexible cannula member !S* e is siideably mounted to second 
cannula member 21" such that the distance between 

20 inflatable balloon 27 " and the tip of the first flexible 
cannula member may be selectively controlled. Thus, after 
first flexible cannula member 19'* is advanced over wire 94 
into the left ventricle, inflatable balloon 27" may be 
selectively positioned and thereafter inflated by injecting 

23 a. saline or other solution through second arterial lumen 
46* 9 ; second arterial lumen 46* < communicates with a 
multiplicity of inflation ports 44" which communicate with 
the interior region of inflatable balloon 27 5 * * As in 
previous arterial perfusion catheter embodiments described 

30 above, inflatable balloon 27 s » has sensors 61* « and 62" for 
delineating the distal and proximal ends of the balloon for 
positioning the balloon in the aortic arch cephaiid of the 
aortic root. Thus, after the balloon is in position and 
inflated the arterial venting orifices 91* will be 

35 positioned adjacent the aortic root such that cardioplegia 
solution may be injected through the orifices and flow into 
the coronary arteries to stop the heart. 

Advancing a catheter over a wire to guide a catheter 
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through a vascular vessel is well known in the prior art. 
This catheter device, however:, permits the tip of the 
catheter to .be positioned in the left ventricle where .blood 
ssay be suctioned through the multiplicity of orif ices 36* «. 
5 The catheter allows blood in the left ventricle to be vented 
while at the ease tine blood present, in the aortic root may 
also be vented through arterial venting orifices 91 s . The 
cardioplegia solution may thereafter he infused through 
arterial venting orifices 91' and the solution will flow 

10 into the coronary arteries and stop the heart. 

Referring now to FIG. 19, another embodiment of an 
arterial perfusion catheter of this invention is shown which 
may be positioned in the aorta by the use of sensors or 
positioned by advancing the catheter over guide wire 9:4* 

15 However, unlike the embodiment of FIG. is, in this 
embodiment, the arterial inflatable balloon 27**' is at a 
fixed distance from the distal end .38* * 1 of first flexible 
cannula member X9 ,tl * The positioning of this embodiment of 
the invention in the aorta is illustrated in FIG. 15, First 

20 flexible cannula member 19 * * * has second openings 98 that 
communicate with third lumen S8 5 * which in turn communicates 
with arterial decompression port 9? thus providing a 
passageway for blood vented from the loft ventricle. The 
vented blood is carried to the left ventricle 

25 decompress ion/ vent roller pump from which the blood is 
pumped to the venous reservoir of the cardiopulmonary bypass 
pxmp* Likewise, a multiplicity of arterial venting orifices 
91* * communicate with first arterial lumen 3$* * * and provide 
a flow path for the cardioplegia solution to be injected 

30 into the aortic root and also provide a flow path for the 
venting of blood from the aortic root which is carried as in 
the previous embodiments of the arterial catheters to the 
suction roller pump. The blood is then pumped to the bubble 
oxygenator and heat exchanger of the arterial reservoir of 

35 the cardiopulmonary bypass pump. Second lumen 146 
communicates with inflation ports 44*** which in turn 
communicate with the inferior region of inflatable balloon 
27* * * . An inflation source 25 (shown in FIG* 38} is 
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utilized to inflate, balloon 2? ! * ! after it is positioned in 
the aorta, 

PIG* 20 is a schematic view illustrating a system of 
venous perfusion and arterial perfusion catheters for use in 
5 obtaining total cardiopulmonary bypass support and isolation 
of the heart? however , the system shown in FIG. 20 utilizes 
an arterial perfusion catheter which is advanced through the 
femoral artery. Any of the embodiments of venous perfusion 
catheters previously described may be utilized with" this 

10 type -arterial catheter and the descriptions of venous 
catheters detailed above may be incorporated for explanation 
purposes to obtain partial or total bypass, 

FIGS. a:l through 30 illustrate arterial perfusion 
catheter embodiments of this invention to be advanced 

IS through the femoral artery and thereafter positioned such 
that an expander or balloon .may be inflated to occlude the 
aorta oephalid of the aortic root and oxygenated blood then 
delivered through the catheters into arterial circulation, 
As in the above-described arterial perfusion catheter 

20 embodiments of this invention, the femoral artery catheters 
also deliver a cardioplegia solution to arrest the heart , 
provide for venting the aortic root through the same flow 
channel, and in certain embodiments provide for the distal 
tip of the catheter to extend into the left ventricle across 

2S the aortic valve to permit decompression of the left 
ventricle before the right atrium is isolated by inflation 
of the inflatable balloons carried by the venous perfusion 
catheter* 

Referring now to FIG. 20 t this catheter system 
30 incorporates a venous catheter 101 which is inserted 
peripherally into the femoral vein and advanced through the 
femoral vein by the steering mechanism controlled by joy 
stick 102 > As can be seen, the schematic shown in PIG, 20 
is identical to the schematic show in FIG, l? however,, the 
35 catheter system utilizes a femoral artery perfusion 
catheter. By referring to FIG, 21 it can be seen that the 
venous perfusion catheter illustrated in FIG , 21 is 
identical to the venous perfusion catheter illustrated in 
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FIG. 3. In view of the catheter similarity, the description 
of the venous catheter in FIG, 3 will be incorporated into 
the description of the venous catheter shown in FIG , 21, 
Similarly , the schematic of the arterial catheter shown in 
S FIG, 1 is identical to the schematic shown in FIG* 20 with 
the exception that the arterial perfusion catheter referred 
to in FIG, 20 is a femoral artery catheter. with this 
exception, the previously set forth schematic description of 
FIG. 1 is incorporated into FIG. 20. 

W Referring now to FIG. 21, femoral arterial perfusion 

catheter 118 has a first flexible cannula 119 and a second 
flexible cannula 121 where first flexible cannula 11$ is 
slideafoly carried by second cannula 121, As in previous 
arterial perfusion catheter embodiments, femoral arterial 

15 perfusion catheter IIS has an inflatable balloon 12? 
attached to first flexible cannula- member lis adjacent its 
distal tip 12 S where distal tip 128 has a plurality of 
orifices 136 for delivering a cardioplegia solution into the 
coronary arteries for arresting the heart. To del Ivor 

20 oxygenated blood into arterial circulation, second flexible 
cannula 121 has multiplicity of first openings 124 through 
which the oxygenated blood (as shown by arrow c in FIG, 21) 
is pumped by arterial roller pump 1? (FIG. 20} . Blood may 
also be vented from the aortic root through a multiplicity 

25 of orifices 26 in the distal tip .124 of first flexible 
cannula 219 and returned to the arterial reservoir of the 
pump. 

To position inflatable balloon 127 in the ascending 
aortic arch 123,,. the femoral perfusion catheter 118 is 

30 inserted through the femoral artery {preferably through an 
incision made in the groin area) and .both the first flexible 
cannula 129 and second flexible cannula 122 are advanced 
through the femoral artery until the second flexible cannula 
is positioned in a region which is located proximaliy of the 

25 descending aorta? first flexible cannula 119 is thereafter 
~ : . ; m d • rv . :gh the aortic arch and balloon 22? positioned 
in the aortic root cephalid of the ^nnction of the coronary 
arteries where its location is determined by ultrasound or 
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radiographic techniques which are veil known in the prior 
art* 

Referring now to FIG, 22, it oar be seen that fesaoral 
arterial perfusion catheter * % i pre N ous 
5 of arterial perfusion catheters of this invention, is 
carried by the handpiece 51 was described in FIGS » 4, 8 and 
16 1 the structure of handpiece 51, therefore, which was 
described in these figures, is incorporated into FIG, 22 by 
reference. Referring again to FIG. 22, it can be seen that 

10 first flexible cannula IIS has a first arterial lumen 13S 
which communicates with the multiplicity of orifices 136 in 
the distal tip 128 of flexible catheter US. First arterial 
lumen 138 communicates at its proximal m$ with first 
proximate port 143, The proximal end of first flexible 

15 cannula member 119 is connected to a connector switch 13$ 
which permits selective communication between first lumen 
138 and infusion roller pm&p 34 or suction roller pump 37, 
respectively, through selection of either cardioplegia 
connector 141 or aspiration connector 142. (As previously 

20 des cr ibed in FIG . 4, both the cardioplegia connector 141 and 
the aspiration connector 142 communicate with first 
proximate port 143 such that first lumen 138 may selectively 
provide a fluid passage for the delivery o 
solution to distal orifices 136 or to permit the aspiration 

25 of blood from the aortic root cephalid of the junction of 
the coronary arteries,} Occlusion of the aortic arch 
cephalid of the coronary artery junction (and thus isolation 
of the left ventricle of the heart) is accomplished fey 
positioning inflatable balloon 12? in the aortic root and 

30 thereafter inflating the balloon to occlude the aorta. 
Inflation of balloon 12? is achieved through the use of a 
sal lee solution or other fluid infused through second lumen 
146 contained in first flexible cannula IIS, Second lumen 
146 communicates with the interior region of inflatable 

35 balloon 127 through a multiplicity of inflation ports 144 
and the saline solution, is injected through arterial inlet 
perr. 3 47 which eommi , -n 146. 

Distal tip 128 of flexible cannula 119 is tapered to 



3 9 



~ joss odat« ! proraoti e e through tl f b i 

artery arid is preferably made of a reflective plastic 
material to assist in establishing the image of the tip 
ultrasonics* ly at the proximal end of inflatable balloon 
5 127. imaging is also achieved by use of oirciimferentially 
extending sensor 161 carried by first flexible cannula 119 
where the sensor may be made of a plastic or other suitable 
material reflective of ultrasonic waves t or coated with a 
piezoelectric material or a radiopaque material to permit 

10 fluoroscopic positioning of the proximal end of the balloon, 
The position of a reflective sensor or radiopaque marker is 
Illustrated in FIG, 23. 

FIG, 23 is an exploded representation of the distal 
portion of femoral arterial perfusion catheter 118 and PIG-. 

IS 35 is a cross-section of the right portion of FIG. 23 taken 
along the lines 23-23. Referring now to FIG* 23, it can foe 
seen that second flexible cannula 121 has an axially 
extending first arterial cavity 148 which communicates with 
a multiplicity of openings 124, The proximal end of second 

20 flexible canmla 121 contains a connector 149 by which the 
second flexible cannula is connected to the cardiopulmonary 
bypass pump, First arterial cavity 14 8 communicates with 
the cardiopulmonary bypass pump and with multiplicity of 
openings 124 to permit oxygenated blood to be pumped fro® 

25 the cardiopulmonary bypass pump to arterial circulation. 
FIG. 24 is a left side view of FIG. 23 and illustrates 
inflatable balloon 127 in phantom lines, A bottom view of 
femoral arterial perfusion catheter 118 is shown in FIG, 26 
and illustrates the multiplicity of openings 124 which 

30 accommodate blood flow from first arterial cavity 143 into 
arterial circulation. 

By referring to FIGS. 22 and 25, it can foe seen that 
steering wires 159 axiaily extend through steering lumens 
1SS to permit the distal tip 128 of first flexible cannula 

35 member 119 to be articulated within the femoral artery and 
to steer the distal tip through the aortic arch for 
positioning inflatable balloon 12? cephalid of the aortic 
root. Steering wires 153 are carried foy first flexible 
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cannula lis anci pass fcferougtt steering lumens 158 for 
connection to steering mechanism 63 vh.ieh is shown in FIGS- 
28 and 29 and will be more specifically described below. 

Another embodiment of the femoral arterial perfusion 
5 catheter is shown in FIG. 27v This embodiment permits the 
distal tip of the first flexible cannula to advance through 
the aortic valve and into the left ventricle where blood 
from the left ventricle may be vented while at the same 
time, on the oephalid side of the aortic valve, a 

10 cardioplegia solution may be injected into the aortic root 
for flow into the coronary arteries to arrest the heart. 
Referring again to PIG „ 27, it can he seen that the distal 
tip 128 » has a multiplicity of orifices- 136* through which 
blood may be vented from the left ventricle. At the distal 

15 end of balloon 127% the multiplicity of venting orifices 
191 located adjacent to inflatable balloon 127* permit 
either the infusion of the cardioplegia solution or venting 
of the aortic root. The distal portion of flexible cannula 
119 ' extending between the balloon 127* and distal tip 1.28 s 

20 contains both the Multiplicity of venting orifices 191 and 
the multiplicity of orifices 136' » Thus , the distal tip is 
sufficiently spaced from the orifice 191 to permit; the 
simultaneous venting of both the aortic root and the left 
ventricle of the heart. This spacing may be a predetermined 

25 fixed distance as shown in PIG 19. Alternatively f as shown 
in FIG. 18 inf latable balloon 127 * 'may be carried by second 
flexible cannula 121 to permit slideabla movement between 
the distal tip portion 128' of first flexible cannula member 
119* and second flexible cannula member 121% The structure 

30 of the distal portion as described in FX©, 18 is 
incorporated into this embodiment of the femoral arterial 
perfusion catheter to permit the slideable extension of the 
distal tip las* through the aortic valve, similarly, the 
structure shown in FIG. 19 is incorporated into the femoral 

35 arterial perfusion catheter where the distal tip 128 s is at 
a fixed distance from the inflatable balloon 127 5 » 

The steering mechanism 63 carried by handpiece 51 is 
illustrated in FIGS. 28 and 39, Handpiece SI Bay be used 
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with either the arterial perfusion catheters or the venous 
perfusion catheters described above. As can he seers in FIG, 
28, joy stick 2 can foe pivoted either its the horizontal 
plane or in the vertical plane (shown by arrows XX ! in the 
5 horizontal plane and YY ! in the vertical plane), Joy stick. 
2 comprises a shaft member 151 which may be pivoted 
horizontally about pivot pin 52 and the shaft 151 passes 
through an axially extending slot 53 which Is contained in 
pivot shaft 154. Pivot shaft 154 is pivotal ly counted to 

10 the handpiece 51 such that pivot shaft 154 may rotate about 
its longitudinal axis 155 thereby permitting movement of the 
joy stick 2 in the vertical plane as shown by the arrows 
YY * . Joy stick shaft member 151 has opposing planar regions 
156 and 156* which extend through slot 53 and terminate in 

1.5 a I!>ehaped shoulder 15? that engages a like dimensioned 
groove 163 in threaded shaft 164. & mounting plate 166 
threads onto threaded shaft 164 and carries mandrills Id? 
about which the steering wires 159 are respectively wound. 

deferring to FIG. 29, mandrill 167 is eaptively held 

20 between a pair of molded locking wedges 168 and 169 which 
are mirror images of each other. The locking wedges 168 and 
169 have transversely extending rods 168* and 169 s ,, which 
when joined together, capture the steering wire 159. The 
wedges when joined are inserted into longitudinally 

25 extending bores 171 contained in mounting plate 166, Thus, 
to create the tension in steering wires 159 to enable the 
joy stick to steer the catheter, steering wires 159 are 
first inserted through bores 171 and then wrapped about 
mandrill 167 „ Mandrill 167 is thereafter clamped between 

30 locking wedges 168 and 169 and rods 168' and 169 1 are then 
inserted into axially extending bores 171, Tension is then 
achieved in steering wires 159 .by tightening nut 172 onto 
the threaded end of threaded shaft 164. Since the housing 
30 is locked between the opposing mating trasses 54 and .56 of 

35 the handpiece SI, a tightening of nut 172 will create 
tension in the steering wires. 

Referring now to FIGS. 35, 36 and 37, the distal end of 
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a catheter {for illustration purposes identifies* by 
numerical 19} is shown and the structure illustrated for 
securing guide wires 159 to the distal tip of the catheter. 
FIG, 37 illustrates a clamping ring 17.2 *?hieh has a distal 
5 surface 17 3 that contains four equally spaced notches 174 
end four equally spaced openings 176 which are located 
intermediate distal surface 173 and proximate surface 177 of 
clamping ring X?2 » As can be seen in FIG. 37, to anchor the 
steering wire 159, it is threaded through a respective 

10 opening 176 and then looped about the distal surface 173 
after which it is again inserted t - v 
opening 176. Referring again to FIG. 35, it can be seen 
that the clamping ring 172 is eaptively held in the distal 
tip 28 of the first flexible cannula? distal surface. 173 of 

IS the clamping ring bears against shoulder 178 of the tip and 
the proxiiaal surface 177 of the claraping ring hears against 
the distal transverse wall 179 of first flexible cannula 
member IS . First flexible cannula member 19 anil the distal 
tip 28 are bonded together by the sensor member 130. Thus, 

20 by horizontal movement of the joy stick 2 , opposing steering 
wires 159 will experience different tensions and therefore 
the tip 23 of the catheter can be articulated horizontally, 
similarly, by movement of the joy stick in the vertical 
plane opposing steering wires 159 will experience different 

25 tensions and the tip of the catheter may be made to 
articulate in the vertical direction. 

Another embodiment of a steering mechanism is shown in 
FIGS. 30, 31, 32 and 33. FIG, 31 is a perspective view of 
a control plate 181 which is hand manipulated to obtain 

30 tension in steering wires 159''. Control plate 181 is 
preferably made of a plastic material and baa four 
cylindrical gripping holes 182 at egual angular spaeings 
about central axis 183. This embodiment of the steering 
mechanism also utilises an opposing pair of locking wedges 

35 168 *' f and 16S fi which have extending theref rom rods 163 5 * 5 
and 169 * ? * * The steering wire 169 ' 5 is wrapped about the 
mandrill 167 « which is then eaptively held between the 
respective looting wedges. To permit the insertion of the 
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assembly of the locking wedgs^ mtwS,r'iH, and steering wire 
into the control plate XBl f a radially extending slot 184 
with an opening 18 S in the surface of cylindrical gripping 
holes 182 is utilised. An axially extending cavity 186 has 
5 & diameter slightly larger than the assembled diameter of 
the opposing rods 168 * * * end 169 *** and cavity 186 
intersects the inner surface 18? of cylindrical gripping 
holes 182 thereby forming an axial ly extending opening 
through which the assembled rods may be inserted. A 

10 retention clip 188 retains the assembled rods in cavity 186 
after insertion. The locking wedges 16B ft and 169' ' 
likewise insert into radially extending slot 184 and are 
mounted by forcing the locking wedges through opening 185 in 
a radial direction and the locking wedges ere held in 

15 radially extending slot 1S4 Say retaining clips 193 and 193* 
By referring to FIGS. 32 and 33, the orientation of the 
locking wedges 168** and 169*' and the assembled reds 16S*'* 
and 169' ! • can tee seen after the assembly is counted to the 
control plate 181. By referring to FIG* 30, the connection 

20 of the control plate to the catheter wires 159*' is further 
illustrated where it can be seen that steering wires 159*' 
emerge from first flexible cannula housing 20 through ports 
194 and 195. 

The structure above described and illustrated in FIG, 
25 31 is incorporated into FIG* 34 which is an illustration of 
the steering wires 159 * * acting as conductors for signals 
generated by an ultrasound source acting on a piezoelectric 
sensor . 

Yet another, farther, embodiment of this invention 
30 relates to an arterial perfusion catheter which may be 
inserted directly into the aorta minimally invasively. ! lhis 
technique first requires inserting a thorascope through a 
12mm incision made between the 4th and 8th intercostal space 
where the thorascope is used to identify the descending 
35 thoracic aorta and distal arch. She thorascope is further 
utilised to obtain an actual image of the cardiac anatomic 
structure which assists the surgeon in fashioning a pair of 
circular tourniquet purse string sutures at the sight 
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selected for insertion of the catheter into the descending 
thoracic aorta. After the parse string sutures are 
fashioned, a side-biting vascular clamp is then applied to 
occlude and isolate the insertion sight from the rest of the 
5 aorta . This maneuver prevents bleeding when the catheter is 
advanced, through a hole made in the center of the purse 
strings. After the catheter is advanced through the hole, 
the tourniquets are drawn taut to snugly seal the aortic 
tissue around the catheter entry site and the side-biting 

10 vascular clamp is thereafter removed* To retain the 
rigidity of the arterial perfusion catheter during insertion 
of the catheter through the descending thoracic aorta, a 
stylet (which is shown in phantom on FIG. 42) is utilised, 
Stylet 197 may be made of a stainless steel or other 

15 material of sufficient rigidity to enable the surgeon to 
insert the catheter through the indisioh which has been mad© 
in the center of the purse string sutures, 

FIG* 39 illustrates the 4th innercostal space 198 
through which the arterial perfusion catheter 218 is 

2D inserted into the descending thoracic aorta 199. As can be 
seen in FIG* 39, arterial perfusion catheter 218 has a first 
flexible cannula 219 and a second flexible cannula 221. 
First flexible cannula 219 as in the previous embodiments 
described above of the arterial perfusion catheter embodies 

25 an inflatable balloon 227 which is utilised to occlude the 
ascending aorta 223 above the junction of the coronary 
arteries 220 cephalid of the aortic root 222* The structure 
of first flexible cannula 229 is identical to the arterial 
perfusion catheter structures for the first flexible cannula 

30 which have, been described shove. As can be seen in FIG. 39, 
the distal portion of flexible cannula 219 in part extends 
beyond the mitral or aortic valve 225 into the left 
ventricle 2.30. At the distal tip 228 there are a 
multiplicity of venting orifices 236 for venting blood from 

35 the left ventricle after the venous perfusion catheters have 
boon positioned and the cardiopulmonary bypass pimp 
activated. The distal portion of first, flexible cannula 219 
is comparable to that described in FIG. 19. A first sensor 
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229 is spaced adjacent to and proximally of venting orif ices 
2 3 6? and a second sensor 230 is located adjacent to 
inflatable balloon 22? and proximal ly of arterial venting 
orifices 291. Arterial venting orifices 291 communicate 
5 with the first lumen of first flexible cannula member 219 
(the first lumen being shown as 38* 5 s in FIG, 19} and are 
utilised for the injection of a cardioplegia solution into 
the aortic root or alternatively for the venting of blood 
from the aortic root eephaiid of the aortic valve 225. 

10 First and second sensors 229 and 230 may be made of a brass 
bead material covered by a piezoelectric coating or they may 
be made of a material reflective of ultrasound* The sensors 
may also fee radiopaque markers for positioning the balloon 
and for identifying the location of the venting orifices 236 

15 fluoroseopieaily. 

Referring now to FIG. 33, a schematic presentation 
illustrates the elements of ; th* arterial perfusion catheter 
circuit* !£hese elements provide for injection of 
cardioplegia solution, venting of the aortic root, balloon 

20 inflation and. deflation, arterial circulation blood from the 
bypass pimp, and left ventricle decompression. FIGS * 43 and 
44 are schematic illustrations of arterial perfusion 
catheters identical to that disclosed in FIG. 38, however, 
in FIGS. 43 and 44, the arterial perfusion catheter is 

25 inserted into the ascending aortic arch after a sternotomy 
has been performed and the heart exposed. Thus, the 
illustration in FIG. 43 differs from that in FIG. 38 by the 
location of the insertion of the catheter into the aorta. 
This illustration is representative of a technique which can 

3 0 be utilised if the heart, has been exposed through a 
sternotomy or thoracotomy. By referring again to FIG. 33, 
the circuit for the arterial perfusion catheter illustrates 
the cardioplegia solution 34 being in communication with fee 
cardioplegia infusion pump 33 which in turn communicates 

35 with selector switch 233. Selector switch 235 allows the 
surgeon to selectively introduce cardioplegia solution into 
the aortic root through venting orifices 291 or to suction 
the aortic rest where blood is sectioned by aortic root 
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roller pump 3 7 and delivered to the arterial reservoir of 
the cardiopulmonary bypass pump. As schematically shown in 
FIG. 38, a wave iom pressure monitor 35, a device well 
known in the prior art, may fee used to position the 
5 inflatable balloon 227 la the aortic root 222 by monitoring 
the- characteristic pressure wave forms transported by the 
third lumen {as shown in FIG. 19} to a display monitor. 
Blood which is suctioned through arterial venting orifices 
236 is returned by the third lusaen {88* * of FIG. 19) to the 

10 arterial reservoir of the cardiopulmonary bypass pomp by 
left ventricle decompression roller pump 40, Oxygenated 
blood as shown by arrow C is then pumped from the bypass 
pump through the second flexible cannula 221 to arterial 
circulation. The balloon inflation/deflation source 25 is 

15 shown in communication with first flexible cannula 219 and 
communicates with a second arterial Ivama (146 of FIG. IS) 
for the delivery of the saline solution or other fluid to 
inflate and deflate inflatable balloon. 227, 

FIGS. 39 , 40, 41 and 42 illustrate in greater detail 

20 the second flexible cannula 221. Second flexible cannula 
221 requires for insertion first placing purse string 
sutures into the descending thoracic aorta 199 or the 
ascending aorta and thereafter pushing the flexible cannula 
with stylus 197 in part into the aorta as shown in TIGS* 43 

2S and 44. A perspective view of the distal end of the second 
flexible cannula 221 is illustrated in FIG. 40. As. can be 
seen in FIG. 40, second flexible cannula 221 has a distal 
tip 226 having a first opening 224 for delivering oxygenized 
blood to arterial circulation. First opening 224 

30 communicates with first arterial cavity 248 which in turn 
communicates with the outlet of the cardiopulmonary bypass 
pump. k second arterial cavity 249 extends angularly 
through the bousing 251 through which first arterial cavity 
248 also extends? first and second arterial cavities 248 and 

35 249 arc sufficiently spaced within housing 251 to preclude 
communication between them. Second arterial cavity 249 is 
constructed to receive first flexible cannula 219 and 
provide a path through which first flexible cannula 219 nay 
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foe advanced to position' inflatable fca&Xoon 227 in the aortic 
arch and to position arterial venting orifices 291 and 236 
in relationship to the saitral or aortic v$lva. First 
flexible cannula 2 is emerges from the fcousing 251 through 
5 opening 252 which lies within the aorta after the distal 
portion of the housing is inserted through the aortic tissue 
237 ». As above-described, the distal portion of housing 251 
is inserted through an incision made in the aortic tissue 
after a pair of purse string sutures have been inserted into 

10 the tissue. The purse string sutures are tightened after 
the distal portion of the housing is inserted through the 
aortic incision in a tourniquet fashion to prevent leakage 
of blood through the aortic wail „ A grosuaet seal 238 
sealing!*/ surrounds the housing 251 and has a distal surface 

15 253 bearing against the aorta which not only prevents 
further advancement of the distal portion of second flexible 
cannula 221 into the aorta/ but also acts as a further seal 
to prevent leakage ©f blood from the aorta through the purse 
string sutures. By referring to FIG. 42, a cross-sectional 

20 view taken in the direction of the lines 42-42., the non- 
communication of first arterial cavity 248 and second 
arterial cavity 249 is further illustrated* 

Another modification or embodiment of the arterial 
perfusion catheter 221 is shown in FIG. 44. in this 

25 eisbodiment, first flexible cannula 219 has a region of 
flexion 254 located adjacent to and prose issaily of inflatable 
balloon 22'?. Begion of flexion 254 has less flexural 
rigidity due to a series of accordian-1 ike serrations 256. 
Similarly,, adjacent to and slightly distally of inflatable 

30 balloon 27 a second region of flexion 254* is utilised to 
enhance the bending of first flexible cannula 219. 3?hiss 
promotes the adaptation of the distal portion of first 
flexible cannula 213 distally of the aortic valve 22S* The 
second region of. flexion 2 54 also contains a series of 

3.5 serrations 256* to enhance the bending of first flexible 
cannula 219 distally of inflatable balloon 22?. 

Sensors 25? and 258 are carried by first flexible 
cannula 219 adjacent the proximate and distal ends of 



balloon 227, The sensors as a3 « bed, an; used to 

locate and position inflatable balloon 227 in the aorta as 
the first flexible cannula is advanced through the boosing 
251 of the second flexible cannula. Mi alternative method 
5 for advancing first flexible cannula 219 across the aortic 
valve 225 and into the left ventricle of the heart is 
provided by a wire 258 over which -the first flexible cannula 
may be advanced as more definitively described and -shown in 
PIG. 19, 

10 The Method therefore for providing cardiopulmonary 

bypass pump support during heart surgery requires the 
insertion of a venous perfusion catheter through a 
peripheral vein access site and thereafter positioning the 
distal venous return ports of the catheter In the superior 

15 and inferior vena cava at the atrio-caval junction. TU® 
venous perfusion catheter contains inflatable occlusion 
balloons that allow the cnoice of either partial or total 
cardiopulmonary bypass support. Total bypass support would 
occur if the balloons completely occluded both the inferior 

20 and superior vena cava thereby preventing blood flow into 
the right atrium. An insertion site for the venous 
perfusion catheter may foe the femoral vein, iliac vein, 
subclavian vein, axillary vein, or internal jugular vein* 
Insertion of the catheter through a peripheral vein access 

25 site avoids the necessity for a major chest incision to 
expose the heart as well as to eliminate the surgical trauma 
which -would occur to the right atrium t superior vena cava, 
and inferior vena cava. This procedure also eliminates 
costly surgical instruments, sutures, tourniquets f and 

30 reduces the operative time associated with conventional 
approaches to cardiopulmonary bypass. To provide blood into 
arterial circulation, an arterial perfusion catheter is 
inserted peripherally into arterial vessels vhich permit the 
first flexible cannula portion of the arterial perfusion 

35 catheter to be advanced through the vessel into the 
ascending aorta , In one method of this invention, the 
arterial perfusion catheter carries an inflatable balloon 
proximately of the distal tip of the catheter for occluding 
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the aorta after the balloon is positioned in the ascending 
aorta cephalid of the junction of the coronary arteries in 
the aortic root. The arterial catheter is then connected to 
the cardiopulmonary bypass pump which is then activated to 
5 permit oxygenated blood to he delivered to -.arterial 
circulation and the left ventricle decompression pump also 
activated, The inflatable balloon carried by the arterial 
perfusion catheter is then inflated • to sufficiently occlude 
the passage of blood from the aortic root into systemic 

10 arterial circulation and the cardioplegia solution is then 
infused into the aortic root to arrest the heart. By 
thereafter inflating the second and first balloons of the 
venous perfusion catheter sufficiently to preclude blood 
flow from the inferior and superior vena cava into the right 

IS atriuss, total cardiopulmonary bypass support is achieved. 
(Partial inflation so as not to completely occlude the vena 
cava would result in partial bypass support*} 

Another method for providing cardiopulmonary bypass 
pump support during heart surgery includes inserting a f irst 

20 arterial catheter into a preselected arterial vessel where 
the catheter is advanced within the vessel into the aortic 
arch. The arterial catheter carries an inflatable balloon 
located near the tip of the catheter for occluding blood 
flow from the left ventricle into arterial circulation. A 

2S second arterial perfusion catheter may be then inserted into 
a second preselected arterial vessel and advanced into the 
aortic arch where the second arterial perfusion catheter has 
preselected openings at its distal end for delivering blood 
to arterial circulation from the cardiopulmonary bypass 

30 pump* The first arterial catheter is positioned such that 
the balloon is located cephai id of the junction of the 
coronary arteries with- the aortic root. The venous 
perfusion catheter is then positioned such that the 
inflatable balloons carried by the catheter may be inflated 

3S to compelete occlude the inferior and superior vena cava 
thereby precluding blood flow into the right atrium. The 
second arterial catheter Is then connected to the 
cardiopulmonary bypass pump and the venous catheter is 
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connected to the inlet side of the pump. The bypass pump is 
then activated and the left ventricle decompression pxanp 
activated and the inflatable balloon carried by the arterial 
perfusion catheter is sufficiently inflated to occlude the 
5 passage of blood from the aortic root into systemic arterial 
circulation. Cardioplegia solution is then infused into the 
aortic root to arrest the heart and the aortic root is then 
vented. The two balloons carried by the venous perfusion 
catheter are then inflated sufficiently to occlude the 

10 superior and inferior vena cava respectively thereby 
isolating the right atriuss, and the heart, thus establishing 
total card xopulnonary bypass support,. 

Yet another method to obtain total cardiopulmonary 
bypass although not described or illustrated in the 

IS drawings , is to insert two venous perfusion catheters into 
preselected veins where the purpose of one of the catheters 
would be to inflate a distal balloon which would occlude the 
superior vena cava ami. redirect the blood flowing towards 
the right atriua of the heart by appropriate orifices 

20 located proximal ly of the inflated balloon bach to the 
arterial reservoir of the cardiopulmonary bypass pussp, h 
second catheter would he utilised to occlude the inferior 
vena cava where the second catheter would have orifices 
located proxlnally of the balloon for intercepting blood 

25 flow into the right atrium and redirecting it toward the 
arterial reservoir of the cardiopulmonary bypass pump, 

The methods of tills invention to achieve 
cardiopulmonary bypass support all Include the use of venous 
perfusion catheters remotely insertable into the veins* 

30 Preferably t the insertion would foe into the femoral vein and 
the catheter then advanced and positioned at the atrio-caval 
junction by ultrasound or radiopaque techniques* To achieve 
delivery of blood into aterial circulation, arterial 
perfusion catheters may be inserted peripherally into 

35 arterial vessels and then advanced and positioned in the 
aorta or directly inserted into the aorta by utilizing purse 
string sutures. Either insertion technique of the arterial 
tl tor would require both a ca ia solution to bo 
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delivered to the coronary arteries to arrest the heart and 
an aortic root vent pump* A feature of the arterial 
perfusion catheters would allow the distal tip of the 
catheter to transverse the aortic valve where the distal tip 
has a multiplicity of openings for venting the left 
ventricle. 

While certain embodiments of the present invention 
relating to systems and methods for providing 
cardiopulmonary bypass pump support during heart surgery 
tave been described, it is to be understood that they are 
subject to many modifications without departing from the 
spirit and scope of the claims as recited herein. 
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CLAIMS 

1* h catheter system for bypassing the heart of a 
patient daring heart surgery comprising; 

(a) a cardiopulmonary bypass pump having an 
S outlet port for the delivery of oxygen-rich blood to 

arterial circulation and art inlet port for receiving blood 
from venous circulation ; 

(b) an arterial perfusion catheter comprising a 
first flexible arterial cannula member having an axis of 

10 elongation, a distal end and a proximate and, and further 
havixig a first lumen extending at least in part axiaXly 
therethrough and having a first proximate port communicating 
with said first lumen, an arterial venting orifice contained 
adjacent said distal end communicating with said first lumen 

15 and defining a single flow path for the passage of 
cardioplegia solution or for the evacuation of fluid from 
the aortic root of said heart, said first flexible arterial 
cannula member having a second lumen extending at least in 
part axiaXly therethrough and an inflation port 

20 communicating with said second lumen and an inlet port 
communicating with said second lumen and said inflation 
port? an expandable member carried by said first flexible 
arterial cannula member adjacent said distal end and spaced 
in an axially proximal direction from said arterial venting 

25 orifice where said expandable member radially and sealingly 
encloses and communicates with said inflation port? and a 
second f lexible arterial cannula member having a second axis 
of elongation and a distal and proximate end, said second 
flexible arterial cannula member having an axially extending 

30 first cavity therethrough and a first opening adjacent said 
distal end of said second flexible arterial cannula member 
communicating with said first cavity to permit the passage 
of blood into the aorta of said patient where said second 
flexible arterial cannula member has a second axially 

35 extending cavity therethrough adapted for receiving said 
first flexible arterial cannula member to permit relative 
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flexible arterial cannula 
associate with said second flexible 
arterial cannula isejsber for connecting said second flexible 
arterial cannula mesnbar to said outlet port of said 
5 card iopulmonary bypass pump? and 

(c) normally closed valve means communicating 
with said first lumen for selectively permitting the flow of 
cardioplegia solution within said single flow path or for 
selectively evacuating fluid from said aortic root through 

10 said single flow path; 

(d) a venous catheter comprising a flexible 
venous member having an axis of elongation, a distal and and 
a proximate end and an axiaily extending venous cavity 
therethrough, and having a first venous lumen extending at 

IS least in part axiaily therethrough and a first 

with said first 
further having a 
luison extending at least in part axiaily 1 
second venous inflation port eostaiicatlng with said t 
20 venous lumen? a first expandable venous member carried by 
said flexible venous member adjacent said distal and of said 
flexible venous member for occluding the superior vena cava 
of said patient, where said flexible venous member has a 
first venous return port spaced intermediate said distal end 
25 of said flexible venous somber and said first expandable 
venous aamber and cossmunicating with said venous cavity for 
receiving blood fro® the superior vena cava of said patient, 
and where said first expandable venous member radially and 
seallugly encloses and communicates with said first venous 
30 inflation port? a second expandable venous member carried by 
said flexible venous member proximately of said first 
expandable venous member for occluding the inferior vena 
cava of said patient, said flexible venous member having a 
second venous return port spaced proximately and adjacent 

cavity for receiving blood from the inferior 
of said patient, and where said second expandable 
saewber radially and sealingly encloses and 
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with said second venous inflation part? and 
aeans associated with said flexible venous member fox 1 
connecting said flexible venous member to said 
cardiopulmonary bypass pump so as to permit said venous 
cavity to be in fluid communication with said 
cardiopulmonary bypass pump. 



2 » The catheter system for bypassing the heart during 
heart surgery recited in claim l wherein said first flexible 
arterial cannula member further comprises a plurality of 

10 radially and oppositely spaced steering lumens extending at 
least in part axial ly therethrough and a plurality of 
steering cables having first and second ends where each said 
first end is fixed to said first flexible arterial cannula 
member adjacent said distal end of said first flexible 

15 arterial cannula member „ and where each cue of said 
plurality of steering cables extends respectively through 
one of said plurality of steering lumens, and steering means 
connected to said plurality of steering oables adjacent said 
second ends of said plurality of steering cables for 

20 selectively increasing and decreasing the tension in said 
plurality of steering cables so as to omnidirectionally 
permit said distal, end of said first flexible arterial 
cannula member to articulate. 



3, The catheter system for bypassing the heart during 
25 heart surgery recited in Claim 2 further comprising sensor 
means responsive to ultrasound waves carried by said first 
flexible arterial cannula member for generating an 
electrical signal to be transformed into visual indicia of 
location of said distal end of said first flexible arterial 
30 cannula member. 



4 . The catheter system for bypassing the heart during 
surgery recited in Claim 3 wherein said flexible venous 
member further comprises a plurality of radially and 
oppositely spaced venous steering lumens extending at least 
3S in part axial iy therethrough and a plurality of venous 
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steering cables having respectively a first end and a second 
end where each said first- end is fixed to said flexible 
venous member adjacent said distal end of said flexible 
venous member and where each one; of said plurality of venous 
5 steering cables extends respectively through on© of said 
venous steering lumens, and venous ste~v 5 1 3 
to said plurality of venous steering cab Is . 
second ends of said venous steering- cables for selectively 
increasing and decreasing the tension in said venous 
10 steering cables so as to omnidirectionally permit said 
distal end of said flexible venous member to articulate. 

5, The catheter system for bypassing the heart during 
surgery recited in Claim 4 further comprising venous sensor 
means responsive to ultrasound waves carried fey said 
IS flexible venoms member for generating an electrical signal 
to foe transformed into visual indicia of location of said 
distal end of said flexible venous member* 

6* The catheter system recited in Claim 1 wherein 
said first flexible arterial cannula member further 

20 comprises a third lumen extending at least in part axially 
therethrough, said first flexible arterial cannula member 
having a decompression port located proximally of said 
expandable member and communicating with said third lumen } 
said first flexible arterial cannula member further having 

25 a second opening located adjacent said distal end of said 
first flexible arterial cannula member communicating with 
both said third lumen and said decompression port defining 
a flow path for blood suctioned from the left ventricle of 
said heart, where said second opening is spaced sufficiently 

SO axialiy and distally from said arterial venting orifice to 
permit said second opening to communicate with said left 
ventricle of said heart while said, arterial venting orifice 
communicates with said aortic root of said heart* 

?. The catheter system for bypassing the heart during 
35 heart surgery recited in Claim 6 wherein said first flexible 
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arterial cannula member further -comprises a plurality of 
radially and. oppositely spaced steering lumens extending at 
least In part axial iy therethrough and a plurality of 
steering cables having first and second ends where each said 
.5 first end is respectively fixed to said first flexible 
arterial cannula member adjacent said distal and of said 
first flexible arterial cannula member, and where each one 
of said plurality of steering cables extends respectively 
through one of said plurality of steering lumens, and 

10 steering means connected to said plurality of steering 
cables adjacent each said second end for selectively 
increasing and decreasing the tension in said plurality of 
steering cables so as to omnidirectionally permit said 
distal end of said first flexible arterial cannula member to 

IS articulate. 



8 ♦ The catheter system for bypassing the heart during 
heart surgery recited, in Claim ? further comprising sensor 
means responsive to ultrasound waves carried by said first 
flexible arterial cannula member for generating an 
20 electrical signal to be transformed into visual indicia of 
location of said distal end of said first flexible arterial 
cannula member. 



$>* The catheter system for bypassing the heart during 
heart surgery recited in Claim 8 wherein said flexible 

25 venous member further comprises a plurality of radially and 
oppositely spaced venous steering lumens extending at least 
in part axial ly therethrough and a plurality of venous 
steering cables having a first end and a second end where 
each said first end is fixed to said flexible venous member 

3.0 adjacent said distal end of said flexible venous member and 
where each one of said plurality of venous steering cables 
extends respectively through one of said plurality of venous 
steering lumens f and venous steering means connected to said 
plurality of venous steering cables adjacent each said 

35 second end of said plurality of venous steering cables for 
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selectively increasing and decreasing the tension .in said 
plurality of venofcs steering cables so as to 
omnidirectionally permit said, distal and of said flexible 
venous number to articulate. 



5 10, The catheter system for bypassing the heart during 

heart surgery recited in Claim 9 farther comprising venous 
sensor means responsive to ultrasound waves carried by said 
flexible- venous member for generating an electrical signal 
to tee transformed into visual indicia of location of said 
10 distal end of said flexible venous member. 



11* A catheter system for bypassing the heart during 
heart of a patient surgery comprising; 

(a) a cardiopulmonary bypass pump having an 
outlet port for the delivery of oxygen-rich blood to 

15 arterial circulation and an inlet port for receiving blood 
from venous circulation? 

(fo) an arterial perfusion catheter comprising a 
first flexible arterial cannula member having an axis of 
elongation, a distal end and a proximate end, and a first 

20 lumen extending at least in part axially therethrough and 
having a first proximate port communicating with said first 
lumen and an arterial venting orifice contained adjacent 
said distal end communicating with said first lumen and 
defining a single flow path for the passage of cardioplegia 

2§ solution or for the evacuation of fluid from the aortic roof 
of said heart, said first flexible arterial cannula member 
having a second lumen extending at least in part axially 
therethrough and an inflation port communicating with said 
second lumen and an inlet port communicating with said 

30 second lumen and said inflation port? an expandable member 
carried by said first flexible arterial cannula member 
adjacent said distal end and spaced in an axially proximal 
direction from said arterial venting orifice where said 
expandable member radially and sealing! y encloses and 

35 communicates with said inflation port? and a second flexible 



arterial cannula member having a second ax-is of elongation 
and a distal and proximate end, saM second flex'i&Ur 
arterial cannula member having an axiaXly extending first 
cavity th< « and a first opening adjacent said distal 

5 end of said second flexible arterial cannula member 
communicating with said first cavity to permit the passage 
of blood into the aorta of said patient where said second 
flexible arterial cannula member has a second ajcially 
extending cavity therethrough adapted for receiving said 

10 first flexible arterial cannula member to permit relative 
slideable movement between said first flexible arterial 
cannula member and said second flexible arterial cannula 
member j ami means associated with said second flexible 
arterial cannula member for connecting said second flexible 

IS arterial cannula member to said outlet port of said 
cardiopulmonary bypass pump? and 

to) normally closed valve means communicating 
with said first lumen for selectively permitting the flow of 
cardioplegic solution within fa-id single flow path or for 

20 selectively evacuating fluid from the aortic root of said 
heart through said single flow path? 

(d) a venous catheter comprising a first flexible 
venous cannula having an axis of elongation f a distal end 
and a proximal end and an axially extending cavity 

25 therethrough,, and having a first venous lumen extending at 
least in part axial ly therethrough and a first venous 
inflation port communicating with said first iumeni a first 
expandable venous member carried by said first flexible 
venous cannula adjacent said distal end of said first 

30 flexible venous cannula for occluding the superior vena cava 
of said patient, where said first flexible venous cannula 
has an orifice spaced distaily of said first expandable 
venous member communicating with said cavity for receiving 
blood from the superior vena cava of said patient f and where 

35 said first expandable venous member radially and sealingly 
encloses and communicates with said first venous inflation 
port? a second flexible venous cannula having a second axis 
of elongation and a distal end and proximal end, said second 
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flexible venous cannula having a ly extending 

cavity therethrough ana a first opening adjacent said distal 
end of said second flexible venous cannula cossmunicatine 
•with said second cavity, where said second cavity is adapted 
5 for receiving said first flexible venous cannula to permit 
relative slideable movement between said first flexible 
venous cannula and said second flexible- venous cannula t said 
second flexible venous cannula having a second venous lumen 
extending at least in part axial iy therethrough and a second 

10 venous inflation port communicating with said second Venous 
lumen? a second expandable venous member carried by said 
second flexible venous cannula adjacent said distal end of 
said second flexible venous cannula for occluding the 
inferior vena cava of said patient, where said 

15 flexible venous cannula has a venous return port 
proximally and adjacent said second expandable 
member, said second flexible venous cannula having a third 
cavity extending at least in part axially therethrough for 
receiving blood from the inferior vena cava of said patient 

20 and: where siaid venous return port communicates with said 
third cavity? and connecting means associated with said 
first flexible venous cannula and said second flexible 
venous cannula for connecting said first cavity and said 
third cavity to said inlet port of said cardiopulmonary 



12* The catheter system for bypassing the heart during 
heart surgery recited in Claim 11 wherein said first 
flexible arterial cannula member further comprises a 
plurality of radially and oppositely spaced steering lumens 

30 extending at least in part axial iy -therethrough and a 
plurality of steering cables having first and second ends 
where each said first end is fixed to said first flexible 
arterial cannula member adjacent said distal end of said 
first flexible arterial cannula member, and where each one 

3S of said steering cables extends respectively through one of 
said steering lumens, and steering means connected to said 
steering cables adjacent said second ends of said steering 
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cables f< elect iveiy in ng the tension 

in said steering cables so as to omnidirectionally permit 
said distal end of said first flexible arterial cannula 
member to articulate, 

5 .13. The catheter system for bypassing the heart during 

heart surgery recited is Claim 12 further comprising sensor 
means responsive to ultrasound waves carried by said first 
flexible arterial cannula member for generating an 
electrical signal to be transformed into visual indicia of 
10 location of said distal end of saii first flexible arterial 
cannula nexaber. 

14 , Th* catheter system for bypassing the heart during 
surgery recited in Claim 13 wherein said first flexible 
venous cannula further comprises a plurality of radially and 

15 oppositely spaced venous steering lumens extending at least 
in part axially therethrough and a plurality of venous 
steering cables having first and second ends where each said 
first and is fixed to said first: flexible venous cannula 
adjacent said distal end of said first flexible venous 

20 cannula and where each one of said venous steering cables 
extends respectively through one of said venous steering 
lumens, and venoms steering means connected to said venous 
steering cables adjacent said second ends of said venous 
steering cables for selectively increasing and decreasing 

as the tension in said venous steering cables so as to 
omnidirectionally permit said distal end of said first 
flexible venous cannula to articulate* 



IS, The catheter system for bypassing the heart during 
surgery recited in Claiai 14 further comprising venous sensor 
30 means responsive to ultrasound waves carried by said first 
flexible venous cannula for generating an electrical signal 
to ha transformed into visual indicia of location of said 
distal end of said first flexible venous cannula. 
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16* The catheter system recited in Claim 11 wherein 
said first flexible arterial cannula m®mfoer farther 
comprises a third lumen extending at least in part axiaXly 
therethrough,, said first flexible arterial cannula Berber 
S having a decompression pert located proximal ly of said 
expandable laejsbcr and commuxeating with said third lumen, 
said first flexible arterial cannula member further having 
a second opening located adjacent said distal end of said 
first flexible cannula communicating with both said third 

10 lumen and said decompression port defining a flow path for 
blood suctioned from the left ventricle of said heart, where 
said second opening is spaced sufficiently axial ly and 
distaliy from said arterial venting orifice to permit said 
second opening to communicate with the left ventricle Of 

IS said heart while said arterial venting orifice communicates 
with said aortic root. 



17* The catheter system for bypassing the heart during 
heart surgery recited in claim 16 wherein said first 
flexible arterial cannula member further comprises a 

SO plurality of radially and oppositely spaced steering lumens 
extending at least in part axial ly therethrough and a 
plurality of steering cables having first and second ends 
where each said first end is fixed to said first flexible 
arterial cannula member adjacent said distal end of said 

25 first flexible arterial cannula member, and where each one 
of said steering cables extends respectively through one of 
said steering lumens, and steering means connected to said 
steering cables adjacent said second ends of said steering 
cables for select ively increasing and decreasing the tension 

30 in said steering cables so as to omnidirectionally permit 
said distal end of said first flexible arterial cannula 
member to articulate, 

18 , The catheter system for bypassing the heart during 
heart surgery recited in Claim 17 further comprising sensor 
3 5 means responsive to ultrasound waves carried by said first 
flexible arterial cannula member for generating an 



electrical signal to be transformed into visual indicia of 
location of said distal end of said first flexible arterial 



IS. The catheter system for bypassing the heart during 
5 heart sugary recited in Claim IS wherein said flexible 
venous cannula further comprises a plurality of radially and 
oppositely spaced venous steering lumens extending at least 
in part axiaily therethrough and a plurality of venous 
steering cables having a first end and a second end where 

10 said first end is fixod to said first flexible venous 
cannula adjacent said distal end of said first flexible 
venous cannula and where each one of said venous steering 
cables extends respectively through one of said venous 
steering lumens, and venous steering means connected to said 

IS venous steering cables adjacent said second ends of said 
steering cables for selectively increasing and decreasing 
the tension in said venous steering cables so as to 
omnidirectionally permit said distal end of said first 
flexible venous cannula to articulate. 

20 20. The catheter system for bypassing the heart during 

heart surgery recited in Claim 19 further comprising venous 
sensor means responsive to ultrasound waves carried by said 
first flexible venous cannula for generating an electrical 
signal to be transformed into visual indicia of location of 

as said distal end of said first flexible venous cannula. 



21. A catheter system for bypassing the heart of a 
patient during heart surgery comprising; 

(a) a cardiopulmonary bypass pump having an 
outlet port for the delivery of oxygen-rich blood to 
30 arterial circulation and an inlet port for receiving blood 
Iron venous circulation j 

f.h) an arterial perfusion catheter comprising a 
first flexible arterial cannula member having an axis of 
elongation,, a distal end end a proximal end, and a first 
35 lusen extending at least in part axiaily therethrough and 
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having a first proximal port cosaatmloicting with said first 
lumen and an arterial venting orifice contained adjacent 
said distal and communicating with said first lwaen and 
defining a single flow path for the passage of cardioplegia 
solution or for the evacuation of fluid frosa the aortic root 
of said heart, said first flexible arterial cannula member 
further having a third lumen and a decompression port 
communicating with said third lumen and a second opening 
communicating with said third lumen and said decompression 
port defining a flow path for blood suctioned from the left 
ventricle of said heart where said second opening is spaced 
sufficiently axially and distally from said arterial venting 
orifice to permit said second opening to communicate with 
the lef t ventricle of said heart while said arterial venting 
orifice communicates with the aortic root of said heart? a 
second flexible arterial cannula member having a second axis 
of elongation and a distal and proximal end, said second 
flexible arterial cannula member having an axially extending 
first cavity therethrough and a first opening adjacent said 
distal end of said second flexible arterial cannula member 
communicating with said first cavity to permit the passage 
of blood into the aorta of said patient where said second 
flexible arterial cannula member has a second axiaiiy 
extending cavity therethrough adapted for receiving said 
first flexible arterial cannula member to permit relative 
slideaMs movement between said first flexible arterial 
cannula member and said second flexible arterial cannula 
member, said second flexible arterial cannula member having 
an inlet port and an inflation lumen extending at least in 
part axially therethrough communicating with said inlet port 
and an inflation port communicating with both said inflation 
lumen and said inlet port? an expandable member carried by 
said second flexible arterial cannula member adjacent said 
distal end of said second flexible arterial cannula member 
where said expandable member radially and sealing ly encloses 
said inflation port ; and means associated with said second 
flexible arterial cannula member for connecting said second 
f lexible arterial cannula member to said outlet port of said 



cardiopulmonary bypass pump? 

(cj normally closed valve means communicating 
with said first lumen for selectively permitting the flow of 
cardioplegia solution within said single flow path or for 
5 selectively evacuating fluid from said aortic root through 
said: single flow path? and 

(el) a venous catheter- comprising a flexible 
venous member having an axis of elongation, a distal end and 
a proximate end and an axial Xy extending venous cavity 

10 therethrough, and having a first venous lumen extending at 
least in part axiaily therethrough and a first venous 
inflation port communicating with said first venous lumen , 
said flexible venous member further having a second venous 
lumen extending at least, in part axial iy therethrough and a 

15 second venous inflation port communicating with said second 
venous lumen; a first expandable venous member carried by 
said flexible venous member adjacent said distal end of said 
flexible venous member for occluding the superior vena cava 
of said patient, where said flexible 

2G f irst venous return po: 

of said flexible venous member and said first expandable 
venous member and communicating with said venous cavity for 
receiving blood from said superior vena cava, and where said 
first expandable venous member radially and sealingly 

25 encloses and communicates with said first venous inflation 
port? a second expandable venous member carried by said 
flexible venous member proximately of said first expandable 
venous member for occluding the inferior vena cava of said 
patient, said flexible venous member having a second • 

30 return port spaced proximately and adja 

cavity for receiving blood from said inferior vena cava, and 
where said second expandable venous member radially and 
sealingly encloses and communicates with said second venous 
35 inflation port? and moans associated with said flexible 
venous member for connecting said flexible venous member to 
said cardiopulmonary bypass pump so as to permit said venous 
cavity to be in fluid communication with said 
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cardiopulmonary bypass pump* 



22. The catheter system for bypassing the heart daring 
heart surgery recited in Clai& 21 wherein saM first 
flexible arterial cannula member further comprises a 
5 plurality of radially and oppositely spaced steering lumens 
extending at least in part axial ly therethrough and a 
plurality of steering cables having first and second ends 
where each said first end is respect ivel y fixed to said 
first flexible arterial cannula member adjacent said distal 

10 end of said first flexible arterial cannula member, and 
where each one of said steering cables extends respectively 
through one of said steering lumens, and steering means 
connected to said steering cables adjacent said second ends 
of said steering cables for selectively increasing and 

IS decreasing the tension in said steering cables so as to 
omnidirectionally permit said distal end of, said first 
flexible arterial cannula member to articulate* 



23. «he catheter system for bypassing the heart during 
heart surgery recited in claim 22 further comprising sensor 
20 means responsive to ultrasound waves carried by said first 
flexible arterial cannula member for generating an 
electrical signal to be transformed into visual indicia of 
location of said distal end of said first flexible arterial 
cannula member. 



25 24. The catheter system for bypassing the heart during 

heart surgery recited in Claim 23 wherein said flexible 
venous member further comprises a plurality of radially and 
oppositely spaced venous steering lumens extending at least 
in part axial Xy therethrough and a plurality of 

30 steering cables having a first end end 

said first end is fixed to said flexible 
adjacent said distal end of said flexible < 
where each one of said venous steering 
respectively through one of ^£a/V*a««4s steering it* 




WO 95/32745 



cables adjacent said second ends of said venous steering 
cables for selectively increasing and decreasing the tension 
in said venous steering cables so as to omnidirectional ly 
permit said distal end of said flexible venous nesber to 
5 articulate. 



35. The catheter system for bypassing the heart during 
surgery recited in Claim 24 further comprising venous sensor 
means responsive to ultrasound waves carried by said 
flexible venous member for generating an electrical signal 
10 to be transformed into visual indicia of location of said 
distal end of said flexible venous member. 



26, A catheter system for bypassing the heart of a 
patient during heart surgery comprising^ 

(a) a cardiopulmonary bypass pump having an 
IS outlet port for the delivery of oxygen-rich blood to 

arterial circulation and an inlet port for receiving blood 
from venous circulation? 

(b) an arterial perfusion catheter comprising a 
first flexible arterial cannula member having an axis of 

20 elongation, a distal end and a proximal end, and a first 
lumen extending at least in part axial ly therethrough and 
having a f irst proximate port communicating with said f irst 
Ittmen and an arterial venting orifice contained adjacent 
said distal end of said first flexible arterial cannula 

25 member communicating with said first, lumen and defining a 
single flow path for the passage of cardioplegia solution or 
for the evacuation of fluid from the aortic root of said 
patient, said first flexible arterial cannula member further 
having a third lumen and a decompression port communicating 

3S with said third lumen and. a second opening communicating 
with said third lumen and said decompression port defining 
a flow path for blood suctioned from the left ventricle of 
said heart where said second opening is spaced sufficiently 
axially and distally from said arterial venting orifice, to 

35 permit said second opening to communicate with the left 
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ventricle est said heart while said arterial venting orifice 
communicates with said aortic root.? a second flexible 
arterial cannula member .having a. second axis of elongation 
and a distal and proximal end, said second flexible arterial 
5 cannula member having an axially extending first cavity 
therethrough and a first opening adjacent said distal end of 
said second flexible arterial cannula member cosoasunicating 
with said first cavity to permit the passage of blood into 
the aorta of said patient where said second flexible 
10 arterial cannula member has a second axially extending 
cavity therethrough adapted for receiving said first 
arterial cannula member to permit relative 
said first flexible arterial 
flexible arterial cannula 
15 member , said second flexible arterial cannula member having 
an inlet port and an inflation lumen extending at least in 
part axially therethrough communicating with said inlet port 
and an inflation port communicating with both said inflation 
1mm and said inlet port? art expandable member carried fey 
20 said second flexible arterial cannula member adjacent said 
distal end of said second flexible arterial cannula member 
where said expandable member radially and sealingly encloses 
said inflation port? and means associated with said second 
flexible arterial cannula member for connecting said second 
2S flexible arterial cannula member to said cutlet port of said 
cardiopulmonary bypass pump? and 

Co) normally closed valve means communicating 
with said first lomen for selectively permitting the flow of 
cardioplegia solution within said single flow path or for 
30 selectively evacuating fluid from said aortic root through 
said single flow path? 

(d) a venous catheter comprising a first flexible 
venous cannula having an axis of elongation, a distal end 
and a proximal end and an axially extending cavity 
3S therethrough, and having a first venous lumen extending at 
least in part axially therethrough and a first venous 
inflation port communicating with said first lumen? a first 
carried by said first flexible 




venous cannula adjacent, said distal end of said first 
flexible venous cannula for occluding the superior vena cava 
of - said patient , where said first .flexible venous cannula 
has an orifice spaced distally of said first expandable 
5 venous member communicating with said cavity for receiving 
blood from the superior vena cava of said patient., and where 
said first expandable venous member radially and sealingly 
encloses and communicates with said first venous inflation 
port j a second flexible venous cannula having a 

flexible venous cannula having a second sxiaily 
cavity therethrough and a first opening adjacent said distal 
end of said second flexible venous cannula communicating 
with said second cavity, where said second cavity is adapted 
IS for receiving said first flexible venous cannula to permit 
relative slideable movement between said first 
venous cannula and said second flexible < 
second flexible i 

extending at least in part axially therethrough and a i 
20 venous inflation port communicating with said second venous 
lumen? a second expandable venous member carried by said 
second flexible venous cannula adjacent said distal end of 
said second flexible venous cannula for occluding the 
inferior vena cava of said patient f where said second 
25 flexible venous cannula has a venous return port spaced 
proximaily and adjacent said second expandable venous 
member, said second flexible venous cannula having a third 
cavity extending at least in part axial ly therethrough for 
receiving blood from said inferior vena cava and where said 
30 venous return port communicates with said third cavity? and 
ams associated with said first flexible venous 
nd said second flexible venous cannula for 
said first cavity and said third cavity to said 
inlet port of said cardiopulmonary bypass pump, 

35 27, The catheter system for bypassing the heart during 

heart surgery recited in Claim 26 wherein said first 
flexible arterial 




m 

plurality of radially and oppositely spaced steering lumens 
extending at least in part axially therethrough and a 
plurality of steering cables having first and second ends 
where each said first ad is fixed to said first flexible 
S arterial cannula member adjacent said distal end of said 
first flexible arterial cannula member f and where each one 
of said steering cables esetends respectively through one of 
said steering lumens , and steering means connected to said 
steering cables adjacent said second ends of said steering 
10 cables for selectively increasing and decreasing the tension 
in said steering cables so as to omnidirectionally permit 
said distal end of said first flexible arterial cannula 
member to articulate, 

28. The catheter system for bypassing the heart during 
IS heart surgery recited in CXaixB 2? further comprising sensor 
wans responsive to ultrasound waves carried by said first 
flexible arterial cannula member for generating an 
electrical signal to be transformed into visual indicia of 
location of said distal end of said first flexible arterial 
20 cannula member. 



29. The catheter system for bypassing the heart during 
surgery recited in claim 28 wherein said first flexible 
venous cannula further comprises a plurality of radially and 
oppositely spaced venous steering lumens extending at least 

25 in part axial ly therethrough and a plurality of venous 
steering cables having first and second ends where each said 
first end is fixed to said first flexible venous cannula 
adjacent said distal end of saM first flexible venous 
cannula and. where each one of said venous steering cables 

30 extends respectively through one of said venous steering 
lumens,, and venous steering means connected to said venous 
steering cables adjacent said second ends of said venous 
steering cables for selectively increasing and decreasing 
the tension in said venous steering cables so as to 

3§ omnidirectionally permit said distal end of said first 
flexible venous cannula to articulate, 
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30 Ti " >v systets for bypassing thi* heart du 

surgery recited in Claim 29, further comprising venous sensor 
means £&&powslve to ultrasound waves carried by said first 
flexible venous cannula for generating an electrical signal. 
5 to fee transformed into visual indicia of location of said 
distal end of said first flexible venous cannula, 

31. An arterial catheter aevica for occluding the 
aorta,, for delivering cardioplegia solution for providing 
aortic root venting, for providing left ventricle 

10 decompression, and for delivering oxygen-rich blood from a 
cardiopulmonary bypass pump during heart surgery of a 
patient comprising? 

(a) a first flexible arterial cannula member 
having an axis of elongation, a distal end and a proximal 

15 end, and a first lumen extending at least in part axially 
therethrough and having a first proximate port communicating 
with said first lumen and an arterial venting orifice 
communicating- with said first lumen defining a single flow 
path for the passage of cardioplegia solution or for the 

20 evacuation of fluid from said aortic root, said first 
flexible arterial cannula member having a second lumen 
extending at least in part axially therethrough and an 
inflation port communicating with said second lumen* said 
first flexible arterial cannula member further having an 

25 inlet port in communication with said second lumen and said 
inf lation port t 

(fo) an expandable member carried by said first 
flexible arterial cannula member adjacent said distal end of 
said first flexible arterial cannula member and spaced in an 

30 axial ly proximate direction from said arterial venting 
orifice where said expandable member radially and saalingly 
encloses and communicates with said inflation port; 

(c) a second flexible arterial cannula member 
having a second axis of elongation and a distal and 

35 proximate end, said second flexible arterial cannula member 
further having an axial ly extending first cavity 
theretl t \ tnd a first opening adjacent said distal end of 
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said second flexible arterial cannula member communicating 
with said first cavity to pstrmit the passage of blood into 
said aorta wher« said second flexible cannula mmimr has a 
second axially extending cavity therethrough adapted for 
5 receiving said first flexible arterial cannula member to 
permit relative slideable movement between said first 
flexible arterial cannula member and said second flexible 
arterial cannula member; 

(d) means associated with said second flexible 
10 arterial cannula member for connecting said second flexible 
arterial cannula member to said cardiopulmonary bypass puwp. 

32. The catheter device recited in Claim 31 further 
comprising sensor means responsive to ultrasound waves 
carried by said first flexible cannula member for generating 

.15 an electrical signal to bo transformed into visual indicia 
of location of said distal end of said first flexible 
arterial cannula member* 

33. The catheter device recited in Claim 31 wherein 
said first flexible arterial cannula member further 

20 comprises a third lumen extending at least in part axially 
therethrough, said first flexible arterial cannula member 
having a decompression port located proximaliy of said 
expandable member and communicating with said third lumen, 
said first flexible arterial cannula member further having 

25 a second opening located adjacent said distal end of said 
first flexible arterial cannula member communicating with 
both said third lumen and said decompression port defining 
a flow path for blood suctioned from said left ventricle f 
where said second opening is spaced sufficiently axially and 

30 distal Xy from said arterial venting orifice so as to permit 
said second opening to communicate with said left ventricle 
while said arterial venting orifice is in communication with 
said aortic root, 

34. The catheter device recited in Claim 33 further 
35 comprising sensor means responsive to ultrasound waves 
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carried by said first flexible arterial cannula peatber for 
generating an electrical signal to be transformed into 
visual indicia of location of sai.a distal «ad of said f irst 
flexible arterial cannula member x 

5 - 35* The catheter device reel ted in Claim 33 where said 
first flexible arterial cannula member further includes a 
region of flexion located adjacent to and proximately of 
said expandable member where said region of flexion has less 
flexur&l rigidity than said first flexible arterial cannula 
10 member so- as to permit enhanced elastic bending of said 
first flexible arterial cannula member within said region of 
flexion, 

36, The catheter device recited in Claim 34 where said 
first flexible arterial cannula member further includes a 

IS region of flexion located adjacent to and proximately of 
said expandable member where said region of flexion has less 
flaxural rigidity than said first flexible arterial cannula 
member so as to permit enhanced elastic bending of said 
first flexible arterial cannula member within said region of 

20 flexion, 

37, The catheter device for occluding the aorta 
recited in Claim 33 wherein said first cannula fnrther 
Includes a plurality of radially and oppositely spaced 
shearing lumens extending at least in part axialiy 

25 therethrough and a plurality of steering cables having a 
first and second end where said first end is fixed to said 
first flexible arterial cannula member adjacent said distal 
end of said first flexible arterial cannula member and where 
each one of said steering cables extends respectively 

30 through one of said steering Inmens, and steering iseans 
connected to said steering cables at said second ends of 
said steering cables for selectively increasing and 
decreasing the tension in said steering cables so as to 
omnidirectionally permit said distal end of said first 

35 flexible arterial cannula member to articulate. 
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38. An arterial catheter device for occluding the 
aorta, for delivering cardioplegia solution, for providing 
aortic root venting, for providing left ventricle 
decompression, and for delivering oxygen-rich blood from the 
5 cardiopulmonary bypass pump during heart surgery of a 
patient eompr i sing s 

{a) a first flexible cannula member having an 
axis of elongation, a distal end and a proximate end, and a 
first itxmen extending at least in part axially therethrough 

10 and .having a first proximate port communicating with said 
first lumen and an arterial venting orifice contained 
adjacent said distal end communicating with said first lumen 
defining a single flow path for the passage of cardioplegia 
solution or for the evacuation of fluid from said aortic 

15 root, said first flexible arterial cannula member further 
having a third lumen and a decompression port communicating 
with said third lumen and located proximately of said 
arterial venting orifice and a second opening communicating 
with said third lumen defining * single flow path for blood 

20 suctioned from said left ventricle where said second opening 
is spaced sufficiently axially and distaily from said 
arterial venting orifice so as to permit said second opening 
to communicate with said left ventricle while said arterial 
venting orifice is in communication with said aortic root! 

25 {to) a second flexible arterial cannula member 

having a second axis of elongation and a distal and 
proximate end, said second flexible arterial cannula member 
having an axially extending first cavity therethrough and a 
first opening adjacent said distal and of said second 

30 flexible arterial cannula member communicating with said 
first cavity to permit the passage of blood into said aorta 
where said second flexible arterial cannula member has a 
second axially extending cavity therethrough adapted for 
receiving said first flexible arterial cannula member to 

35 permit relative siideable movement between said first- 
flexible arterial cannula member and said second flexible 
arterial cannula member, said second flexible arterial 
cannula member having am inlet port and an inflation lumen 
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evading at least ' in part axiaily therethrough, 
communicating with said inlet port and further having an 
inflation port communicating with tooth said inflation lumen 
and said inlet port ? 
S (cj an expandable member carried toy said second 

flexible arterial cannula member adjacent said distal end of 
said second flexible arterial cannula member where said 
expandable member radially and sealimgiy encloses said 
inflation port? and 
10 <d} means associated with said second flexible 

arterial cannula cumber for connecting said second flexible 
arterial cannula member to said cardiopulmonary bypass pump* 



39. The catheter device recited in Claim 38 further 
comprising sensor means responsive to ultrasound waves 

IS carried toy said first flexible arterial cannula -member for 
generating an electrical signal to be transformed into 
visual indicia of location of said distal end of said first 
flexible arterial cannula member. 

40, The catheter device for occluding the aorta 
20 recited in Claim 38 wherein said first flexible arterial 

cannula member further includes a plurality of radially and 
oppositely spaced steering lumens extending at least in part 
axiaily therethrough and a plurality of steering cables 
having a first and second end where each said first end is 

25 fixed to said first flexible arterial cannula member 
adjacent said distal end of said first flexible arterial 
cannula member and where each one of said steering cables 
extends respectively through one of said steering lumens, 
and steering means connected to said steering cables at said 

30 second ends of said steering cables for selectively 
increasing and decreasing the tension in said steering 
cables so as to omnidirectionally permit said distal end of 
said first flexible arterial cannula meistoer to articulate. 



41. The catheter device recited in Claim 38 where eaid 
35 second flexible arterial cannula member further includes a 
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region of flexion located adjacent fee and proximately of 
said expandable member where said region of flexion bass less 
flexural rigidity than said second flexible arterial cannula 
member so as to permit enhanced elastic bending of said 
S second flexible arterial cannula member within said region 
of flexion, 



42* K venous catheter device for occluding the 
ma cava and the inferior vena cava of a patient 
and for delivering blood to a cardiopulmonary bypass pump 
10 during heart surgery comprising-: 

(a) a flexible venous cannula having an axis of 
elongation, a distal end and a proximate end and an axially 
extending cavity therethrough, and having a first lunen 
extending at least in part axially therethrough and a first 

IS venous inflation port communicating with said first lumen, 
said flexible venous cannula further having a second lumen 
extending at least in part axially therethrough and a second 
venous inflation port communicating with said second lumen? 

(b) a first expandable venous member carried by 
20 said flexible venous cannula adjacent said distal end of 

said flexible venous cannula for occluding said superior 
vena cava, where said flexible venous cannula has a first 
venous return port spaced intermediate said distal end of 
said flexible, venous cannula and said first expandable 
as venous member and communicating with said cavity for 
receiving blood from said superior vena cava,, and where said 
first expandable venous member radially and sealingly 
encloses and communicates with said first venous inflation 
port? 

30 {o} a second expandable venous member carried by 

said flexible venous cannula proximately of said first 
expandable venous member for occluding said inferior vena 
cava, said flexible venous cannula having 
return port spaced proximately and adjacent said 

35 expandable venous member and communicating with said cavity 
for receiving blood from said inferior vena cava,, and where 
said second expandable venous member radially and sealingly 
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encloses and cosamunicafcSMS with 'said second venous inflation 
port? 

(d) means associated with said flexible venous 
cannula for connecting said flexible venous cannula to sat id 
S cardiopulmonary bypass pump* 



43. The venous catheter device recited in Claim 42 
-wherein said flexible venous cannula further comprises a 
plurality of radially and oppositely spaced steering lumens 
extending at least in part axially therethrough and a 

10 plurality of steering cables having a first and second end 
where each said first end is fixed to said flexible venous 
cannula adjacent said distal end of said flexible venous 
cannula and where each one of said steering cables extends 
respectively through one of said steering lumens, ana 

15 steering means connected to said steering cables adjacent 
said second ends for selectively increasing and decreasing 
the tension in said steering cables so as to 
omnidirectionally permit said distal end of said flexible 
venous cannula to articulate. 

SO 44* the venous catheter device recited in Claim 43 

further comprising sensor means responsive to ultrasound 
waves carried by said flexible venous cannula for generating 
an electrical signal to be transformed into visual indicia 
of location of said flexible venous cannula within the body 

25 of said patient. 



43. A. venous catheter device for occluding the 
superior vena cava and the inferior vena cava of a patient 
and for delivering blood to a cardiopulmonary bypass pump 
during heart surgery comprising; 

30 (a) a first flexible venous cannula having an 

axis of elongation,, a distal end and a proximate end and an 
axially extending cavity therethrough, and having a first 
lumen extending at least in part axially therethrough and a 
first venous inflation port communicating with said first 

35 lumen? 



(h) a first expandable venous member carried by 
said first flexible venous cannula adjacent said distal end 
of said first flexible venous cannula for occluding said 
superior vena cava,, where said first flexible venous cannula 
S tees an orifice spaced distal ly of said first expandable 
venous member communicating -with' said cavity for receiving 
blood from said superior vena cava, and where said first 
expandable venous member radially and sealingly encloses and 
communicates with, said first venous inflation port; 
10 (c) a second flexible venous cannula having a 

second axis of elongation and a distal end and proximate 
end, said second flexible venous cannula having a second 
axial ly extending cavity therethrough and a first opening 
adjacent said distal end of said second flexible venous 
15 cannula communicating with said second cavity, where said 
[ cavity is adapted for receiving said first flexible 
t to permit relative siideabla movement between 
said first flexible venous cannula and said second flexible 
venous cannula, said second flexible venous cannula having 
20 a second lumen extending at least in part axially 
therethrough and a second venous inflation port 
communicating with said second lumen? 

(d) a second expandable venous member carried fey 
said second flexible venous cannula adjacent said distal end 
25 of said second flexible venous cannula for occluding said 
inferior vena cava, where said second flexible venous 
cannula has a venous return port spaced proximately and 
adjacent said second expandable venous member, said second 
flexible venous cannula further having a third cavity 
30 extending at least in part axially therethrough for 
receiving blood from said inferior vena cava and where said 
venous return port communicates with said third cavity? 

{#} connecting means associated with said first 
flexible venous cannula and said second flexible venous 
35 cannula for connecting said first cavity and said third 
cavity to said cardiopulmonary bypass pump. 



46, The venous catheter device recited in Claim 45 
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whereift said first flexible venous cannula fin bi r c s . 
a plurality of radially and oppositely spaced steering 
lessens extending at least in part axially t«erethro«gh and 
a plurality of steering cables having a f irst end and second 
5 end where each said first end of said plurality of steering 
cables is fixed to said first flexible ve»ous cannula 
adjacent said distal end of said first flexible venous 
cannula , and where each one of said steering cables extends 
respectively through one ©f .said steering lumens, and 

10 steering means connected to said steering cables adjacent 
said second ends of said plurality of steering cables for 
selectively increasing and decreasing the tension in said 
steering cables so as to omnidirectionally permit said 
distal end of said first flexible venous cannula to 

15 articulate. 



47, The venous catheter device recited in Claim 46 
further comprising sensor means responsive to ultrasound 
waves carried by said first flexible venous cannula for 
generating an electrical signal to be transformed into 
20 visual indicia of location of said first flexible venous 
cannula within the body of said patient. 



48, A method for providing a patient with 
cardiopulmonary bypass pKmp support during heart surgery 
comprising the staps of t 

25 (a) inserting an arterial perfusion catheter 

having a proximal and distal end into a preselected arterial 
vessel of sufficient radial dimensions to permit the passage 
of said arterial perfusion catheter within said arterial 
vessel and into the ascending aorta of said patient distal 

30 of the aortic root of said heart where said arterial 
perfusion catheter carries an expandable member proxi.mal.ly 
of said distal end of said arterial perfusion catheter for 
occluding the aorta of said patient so as to occlude blood 
flow from the left ventricle of said heart and isolate the 

35 arterial side of said heart from arterial circulation* said 
arterial perfusion catheter having a first lessen therein for 
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providing fluid to expand said exga»dM»le mmte&rt said 
arterial perfusion catheter further having a second lumen 
for delivering a cardioplegia solution into the aortic root 
of said heart distal ly of said expandable member or for 
s providing aortic root venting of said heart, said arterial 
perfusion catheter further having a third lumen to deliver 
blood into arterial circulation? 

(b) advancing said arterial perfusion catheter 
within said arterial vessel and positioning said esq *s lable 

10 member in the ascending aorta of said patient oephalid of 
the junction of the coronary arteries with the aortic root 
of said heart? 

(c) inserting a venous catheter having a proximal 
and distal end into a preselected vein of said, patient 

15 having sufficient radial dimensions to permit passage Of 
said, venous catheter within said vein of said patient aal 
into communication with the entrance of the superior and 
inferior vena cava of said patient into the right atrims of 
said heart where said venous catheter carries a first 

20 expandable member adjacent the distal end of said venous 
catheter for occluding the superior vena cava of said 
patient and a second expandable member carried by said 
venous catheter and located prox.imally of said first 
expandable member for occluding the inferior vena cava of 

25 said patient so as to preclude blood flow into the right 
atruim of said heart? said venous catheter having a first 
s s \ " tcating with both said first expandable member 
and said se x ? e member for providing fluid to 

said first and second expandable members for expanding said 

30 first and second expandable members? and a second conduit 
for receiving blood from the superior and inferior vena cava 
of said patient for delivering said blood to said 
cardiopulmonary bypass pump? 

(d) advancing said venous catheter within said 
35 vein and positioning said first and second expandable 

members in the superior vena cava and inferior vena cava of 
said patient respectively so as to preclude blood flow into 
the right atrium of said heart upon sufficient expansion of 
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(e) connecting said arteria" perfusion catheter 
to said cardiopulmonary bypass pump such that said third 
S lumen of said arterial perfusion catheter is in 
communication with said cardiopulmonary bypass pimp and 
connecting said venous catheter to said ca loon 
bypass pimp such that said second conduit is in 
communication, with said cardiopulmonary bypass pump? 
10 (f) after steps a, h, c, d and s, the step of 

activating said cardiopulmonary bypass pump? 

(g) after step f , the step of expanding said 
expandable member of said arterial perfusion catheter 
sufficiently to occlude the passage of blood from the 

15 aortic root of said heart into systemic arterial 
circulation? 

(h) after step g, the step of infusing said 
cardioplegia solution into said aortic root of said heart 
to arrest said heart? and 

20 (i) expanding said first expandable member and 

said second expandable member sufficiently to preclude blood 
mm from the inferior and superior vena cava respectively 
of said patient into the right atrium of said heart thereby 
completing Isolation of said heart and establishing total 

25 



49, The method for providing cardiopulmonary bypass 
pimp support during heart surgery recited in Claim 48 
wherein said arterial perfusion catheter further comprises 
a fourth Ixm&n communicating vith an opening adjacent said 
distal end of said arterial perfusion catheter where said 
distal end of said arterial perfusion catheter is 
sufficiently spaced distally fross said expandable member to 
permit said distal end of said arterial perfusion catheter 
to extend across the aortic valve of said heart and into the 
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left ventrical of saiS heart such that blood contained 
within the left ventricle of said heart may fee suctioned 
through said opening and into said fourth lumen, and furt&p? 
comprising, after step t , the step of suctioning blood from 
5 the left ventricle of said heart into said fourth lumen. 

50. The method for providing cardiopulmonary bypass 
pump support during heart surgery recited in Claim 48 
wherein said expandable member carried by said arterial 
perfusion catheter is delineated by ultrasound sensors, 

10 further comprising the step of positioning said expandable 
member imtra son i cal ly . 

51. The method for providing cardiopulmonary bypass 
support during heart surgery recited in Claim 48 wherein 
said expandable member carried by said arterial perfusion 

15 catheter is delineated by radiopaque markers, further 
comprising the step of positioning said expandable member 
£ luorcscopic&lly » 

52. The method for providing cardiopulmonary bypass 
pomp support during heart surgery recited in Claim 49 

20 wherein said expandable member carried by said arterial 
perfusion catheter and said opening of said fourth lumen are 
delineated by ultrasound sensors t further comprising the 
step of positioning said expandable member and said opening 
of said fourth lumen ultrasonically. 

25 53, The method for providing cardiopulmonary bypass 

pump support during heart surgery recited in Claim 49 
wherein said expandable member is positioned by monitoring 
characteristic pressure wave forms transported by said 
fourth lumen to a display monitor, 

30 54* The method for providing cardiopulmonary bypass 

support during heart surgery recited is* Claim 48 wherein 
said first expandable member and said second expandable 
member are delineated by ultrasound sensors, further 
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comprising the step of positioning said first expandable 
member and said second expandable member nltrasonie&lly < 

55. The method for providing cardiopulmonary bypass 
pump support during heart surgery recited in Claim 49 
5 therein said first expandable member and said mcpnd 
expandable member are delineated by ultrasound sensors 
further comprising the step of positioning said first 
expandable member and said second expandable member 
uitrasonically » 

10 56.- The method for providing cardiopulmonary bypass 

pump support during heart surgery recited in Claim 48 
further comprising the step of inserting a guids wire having 
a proximal and distal end into said preselected arterial 
vessel end advancing said guide wire through said 

IS preselected arterial vessel and into the aortic arch of the 
patient and thereafter advancing said arterial catheter 
along said guide wire as recited in step (b) . 

57. The method recited in dlaim 56 further comprising 
the step of advancing said distal end of said guide wire 
20 into the left ventricle of the patient. 

§8. & method for providing a patient with 
cardiopulmonary bypass pump support during heart surgery 
comprising the steps of i 

{a) inserting an arterial perfusion catheter 
2S having a proximal and distal, end Into the aorta of said 
patient where said arterial perfusion catheter has a first 
conduit communicating with said cardiopulmonary bypass pump 
for the delivery of blood to arterial circulation f said 
arterial perfusion catheter having an expandable member 
30 positioned adjacent, said distal end of said arterial 
perfusion catheter in the ascending aorta of said patient 
for occluding, upon expansion of said expandable member, the 
flow of blood from the left ventricle of said heart caphalid 
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of the aortic root of said heart? said arterial perfusion 
catheter having a first lumen therein tor providing fluid to 
said expandable member to expand said expandable member? 
said arterial perfusion catheter further having a second 
S Iwsten for delivering a cardioplegia solution into the aortic 
root of said heart distally of said expandable member and to 
provide for venting of the aortic root of said heart; 

(h) advancing said distal end of said arterial 
perfusion catheter through the aortic valve of said heart 
10 and into the left ventricle of said heart and positioning 
said expandable member in the ascending aorta of said 
patient cephalid of the junction of the coronary arteries of 
said heart with the aortic root of said heart where said 
arterial perfusion catheter has an opening adjacent said 
15 distal end of said arterial perfusion catheter and a fourth 
lumen communicating with said opening where said distal end 
of said arterial perfusion catheter is sufficiently removed 
distally frcm said expandable mefcfoer to permit said distal 
end t© extend across the aortic wive of said heart and into 
20 the left ventricle of said heart such that blood contained 
within the left ventricle of said heart may he suctioned 
through said opening and into said fourth lumen? 

(c) inserting a venous catheter having a distal 
and proximal end into a preselected venous structure of 
25 said patient having sufficient radial dimensions to permit 
the passage of said venous catheter within said venous 
structure and into communication with the superior and 
inferior vena cava junctions of said patient with the right 
a trims of said heart where said venous catheter carries a 
30 first expandable -member adjacent said distal end of said 
venous catheter for occluding the superior vena cava of said 
patient and a second expandable member carried by said 
venous catheter and located proxiaally of said first 
expandable member for occluding the inferior vena cava of 
35 said patient so as to preclude blood flow into the right 
atrium of said heart? said venous catheter having a first 
conduit communicating with said f irst expandable messher and 
said second expandable member for providing fluid to said 
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first aad second expandable members for expansion and a 
second conduit for receiving blood from the superior m& 
inferior vena cava of said patient for delivering the blood 
to said card iry bypass pump? 

S (d) advancing said venous catheter within said 

venous structure and positioning said first and second 
expandable members in the superior vena cava and interior 
vena cava of said patient respectively so as to preclude 
blood flow into the right atria® of said heart upon 
10 sufficient expansion of said first and second expandable 

<«) connecting said arterial perfusion catheter 
to said cardiopulmonary bypass- pimp such that said third 
lumen of said arterial perfusion catheter is in 
15 communication with said cardiopulmonary bypass pump and 
connecting said venous catheter; to said cardiopulmonary 
bypass pump such that said second conduit is in 
communication with said cardiopulmonary bypass pump? 

(f) after steps a, fo, c f d and @ f the step of 
20 activating said cardiopulmonary bypass pump? 

(g) after step t, the step of suctioning blood 
from the left ventricle of said heart into said fourth 
lumen t 

(h) after step g, expanding said expandable 
25 member sufficiently to occlude the passage of blood from the 

left ventricle of said heart into the ascending aorta of 
said heart thereby isolating the heart of said patient? 

(i) after step h f infusing said cardioplegia 
solution into the aortic root of said heart to arrest said 

30 heart and thereafter venting the aortic root of said heart; 

(j) expanding said first and second expandable 
members sufficiently to preclude blood flow from the 
inferior and superior vena cava of said patient respectively 
into the right atriua of said heart. 

35 SS. The method for providing cardiopulmonary bypass 

pump support during heart surgery recited in Claim §8 
wherein the insertion of said arterial perfusion catheter 
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into the aorta of said patient is performed thorascopicalXy* 

60. The method for providing cardiopulmonary bypass 
pump support -during heart surgery recited in Claim 58 
further comprising, before steps & through j f the step of 

5 performing a thoracotomy or sternotomy and exposing the 
aorta of said patient, 

61. A method for providing a patient with 
cardiopulmonary bypass pump support during heart surgery 
comprising the steps of; 

10 C&) inserting a first arterial catheter having a 

distal and proximal end into a pre-selected first arterial 
vessel of said patient where said arterial vessel is of 
sufficient radial dimension to permit the passage of said 
first arterial catheter within said first arterial vessel 

IS and into the ascending aorta of said patient distal ly of the 
aortic root of said heart, where said first arterial 
catheter carries an expandable member proximally of said 
distal end of said first arterial catheter for occluding the 
aorta of said patient such that blood flow from the left 

20 ventricle of said heart may foe occluded by sufficient 
expansion of said expandable member f said first arterial 
catheter further having a first lumen therein for providing 
fluid to expand said expandable member; said first arterial 
catheter further having a second lumen defining a single 

25 flow path for delivering cardioplegia solution to the aortic 
root of said heart disfally of said expandable member or for 
providing venting of said aortic root; 

(b) advancing said first arterial, catheter within 
said first arterial vessel and positioning said expandable 

30 member in the ascending aorta of said patient eephalid of 
the coronary arteries of said heart? 

(c) inserting a second arterial catheter into a 
pre-selected second arterial vessel of said patient of 
sufficient radial dimensions to permit the passage of said 

3S second arterial catheter within said second arterial vessel 
of said patient, said second arterial catheter having an 
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opening for delivering blood from said c a 
bypass pump into arterial circulation; 

(d) advancing said second arterial catheter 
within said second pre-selectcd arterial vessel of said 
S patient and positioning said opening to deliver Mood into 
ar tar ia 1 c 1 r cu 1 at i on ? 

(a) inserting a venous catheter having a distal 
and proximate end into a pre-selsoted vein of said patient f 
said vain having sufficient radial dimensions to permit 

10 passage of said venous catheter within said vein and into 
coTOimioation with the entrance of the superior and inferior 
vena cava of said patient adjacent the right atrium of said 
heart, where said venous catheter carries a first expandable 
member adjacent said distal end of said venous catheter for 

IS occluding the superior vena cava of said patient and a 
second expandable member located proximally of said first 
expandable member for occluding the inferior vena cava of 
said patient? said venous catheter having a first conduit 
oonmusicating with said first expandable member and said 

20 second expandable member for providing fluid to said first 
and second expandable members for expanding said first and 
second expandable members and a second conduit for receiving 
blood from said superior and inferior vena cava for 
delivering said blood to said cardiopulmonary bypass pump; 

25 {£) advancing said venous catheter within said 

vein of said patient and positioning said first and second 
expand bie members in the superior vena cava and inferior 
vena cava of said patient respectively such that upon 
sufficient expansion of said first expandable member and 

30 said second expandable member blood flow into the right 
atrium of said heart is precluded; 

(g) connecting said second arterial catheter to 
t - -i : nxl opulnonary bj p and connecting said venous 

catheter to said cardiopulmonary bypass pump? 

3S <h) after steps (a) , (fef , (a) , (d) , (») , {£ ) , 

(f ) , the step of activating said cardiopulmonary bypass 
pump; 

£i) after step (h) t the step of expanding said 
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expandable member carried fcy said first arterial catheter 
sufficiently to occlude the passage of blood from the aortic 
root of said heart into arterial circulation; 

Cj) after step (i) , the step of infusing 
5 cardioplegia solution into said aortic root of said heart to 
arrest said heart? and 

.(&} expanding said first expandable member and 
said second expandable member sufficiently to preclude bleed 
flew from said inferior and superior vena cava of said 
10 patient respectively into the right, atrium of said heart 
thereby completing isolation of said heart and establishing 
total cardiopulmonary bypass* 

62, The method for providing cardiopulmonary bypass 
pump support during heart surgery recited in Claim &l 

15 wherein said first arterial cathether has a fourth lumen and 
an opening adjacent said distal end of said first arterial 
catheter where said fourth lumen communicates with said 
opening and where said distal end of said first arterial 
catheter is sufficiently removed distally from said 

30 expandable master to permit said distal end of said first 
arterial catheter to extend across the aortic valve of said 
heart and into the left ventricle of said heart such that 
blood contained within said left ventricle rsay be suctioned 
through said opening and into said fourth lumen, and further 

25 comprising after step (h) the step of suctioning blood from 
said left ventricle into said fourth lumen. 

63, The method for providing cardiopulmonary bypass 
pump support during heart surgery recited in Claim 62 
further comprising the step of inserting a guidewire having 

3D a distal tip into said first arterial vessel of said patient 
and advancing said guidewire within said first arterial 
vessel into the aortic arch of said patient and thereafter 
advancing said first arterial catheter along said guidewire 
as recited in step (h) , 

35 54, The method recited in Claim S3 further comprising 
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the step of advancing; sai& distal tip of said guidewlre said 
the left ventricle, 

65, The method for providing a patient with 
cardiopulmonary bypass pump support during heart surgery 
5 comprising the steps of? 

(a.) inserting an arterial perfusion catheter 
having a distal end and a proximate end into a preselected 
arterial vessel of said patient of sufficient radial 
dimensions to permit the passage of said arterial perfusion 

10 catheter within said arterial vessel and into the ascending 
aorta of said heart disf ally of the aortic root of said 
heart where said arterial perfusion catheter carries an 
expandable member proximaily of said distal end of said 
arterial perfusion catheter for occluding the aorta of said 

15 patient, said arterial perfusion catheter having a first 
lumen therein for providing fluid to expand said expandable 
member? said arterial perfusion catheter further having a 
second lusnen defining a single flow path for delivering a 
cardioplegia solution into the aortic root of said heart 

20 distally of said expandable meiSfeer or for venting said 
aortic root, said arterial perfusion catheter having a third 
lumen for delivering blood into arterial circulation? 

(b) advancing said arterial perfusion catheter 
within said arterial vessel and positioning said expandable 

25 raber in the ascending aorta of said heart cephalid of the 
Junction of the coronary arteries of said heart with said 
aortic root; 

(c) inserting a first venous catheter having a 
distal and proximal end into a pre~sel acted vein of said 

30 patient having sufficient radial dimensions to permit 
passage of said first venous catheter within said vein and 
into communication with the superior vena cava of said 
patient, where said first Venous catheter carries a first 
expandable member adjacent said distal end of said first 

35 venous catheter for occluding said superior vena cava 
6 - a cent the entrance of said superior v«na cava into the 
right atrium of said heart? said first venous catheter 
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having a first conduit communicating with said first 
expandable member for providing fluid to said first 
expandable asssber to expand said expandable member and a 
second conduit for receiving blood from said superior vena 
S cava and for delivering the blood to said cardiopulmonary 
bypass pump? 

(d) inserting a second venous catheter having a 
distal and proximal end into a second pre—selected vein of 
said patient having sufficient radial dimensions to permit 

10 passage of said second venous catheter within said second 
vein and into communication with the inferior vena cava of 
said patient where said second venous catheter carries a 
second expandable member adjacent said distal end of said 
second venous catheter for occluding said inferior vena cava 

15 adjacent the entrance of said inferior vena cava to the 
right atrium of said heart? said second venous catheter 
baving a second conduit communicating with said second 
expandable member for providing fluid to said second 
expandable member for expanding said second expandable 

2# member and a second venous conduit for receiving blood from 
said inferior vena cava and delivering the blood to said 
cardiopulmonary bypass pump; 

(«) advancing said first venous catheter within 
said first vein of said patient and positioning said first 

SS expandable member in said superior vena cava cephalid of the 
atrio-caval junction to preclude blood flew from said 
superior vena cava of said patient into the right atrium of 
said heart upon sufficient expansion of said first 
expandable member; 

30 <f ) advancing said second venous catheter within 

said second vein and positioning said second expandable 
member in said inferior vena cava to preclude blood flow 
from said inferior vena cava into the right atrium of said 
heart upon sufficient expansion of said second expandable 

£g) after steps (a), {*»)., <c) , (d) , («) and (f } , 
the step of activating said cardiopulmonary bypass pump ? 

(h) after step <g) , the step of expanding said 
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fsx.pandable member carried by said arterial perfusion 
catheter sufficiently to occlude the passage of blood from 
said aortic root into systemic arterial circulation? 

(i| after step ih) f the step of infusing said 
S cardioplegia solution into said aortic root to arrest said 
heart; and 

(j) expanding said first expandable member 
sufficiently to preclude blood flow from said superior vena 
cava into the right atrium of said heart and expanding said 
10 second expandable member sufficiently to preclude blood flow 
from said superior vena cava into the right atrium of said 
heart thereby completing isolation of said heart and 
establishing total cardiopulmonary bypass support. 
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